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Dear participants,
The Theme for the Global Neuroethics Workgroup of the IBI for 2019 is, A Year of
Engagement toward Initiating a Lifetime of Practice.
The Global Neuroethics Summit is the annual product of the Neuroethics Workgroup
(WG) of the International Brain Initiative (IBI). The Summit pursues varying strategies for
addressing the societal and ethical implications of emerging neuroscience and
neurotechnologies. As neuroscience is now a global endeavor, neuroethics must be
equally prepared to address global values.
The goal of the inaugural summit was to create a universal list of neuroethics
questions for Neuroscientists (NeQNs) that should be addressed in each brain project. A
unique feature of our Summit and the questions generated is that while the neuroethics
questions themselves are universal, they were designed to be adapted and informed by
the cultural values and frameworks of each country. The Kavli Foundation was the first
organization to truly understand this vision and support this critically needed approach.
Stemming from this successful Summit, the first publication of the IBI highlighted
these neuroethics questions and was featured in the special 2018 Society for
Neuroscience issue of the high-impact journal Neuron. These questions remain a point
of departure for our conversations, but we anticipate with use, they will evolve as well.
With the second year of support, we built upon critical foundation for the fields of
neuroscience and neuroethics laid in our first meeting, with the potential for our
discussions to inform policy and shape funding priorities for many agencies in the future.
This 2018 meeting aligned with the formalized efforts and creation of the IBI which, in
collaboration with Kavli and other key stakeholders from existing and emerging brain
projects, recognized neuroethics as one of its top priorities. Each of the brain projects
drafted a manuscript that discussed why and how they will integrate and make
actionable the 5 NeQNs into their respective brain projects. All seven papers were
published in Neuron featured in Feb 2019 as the first special issue of neuroethics in
a high-impact neuroscience journal.
The second Global Neuroethics Summit was also used as an idea incubator to set
priorities for the Neuroethics WG of the IBI. One issue that clearly rose to the top was
the need for meaningful and successful public engagement with issues in neuroethics.
Neuroethics is a key point of entry for public engagement of neuroscience
research. As such there is a need for researching strategies and creating best
practices for public engagement in a variety of cultural and geographic settings. Given
the complexity of this year’s task, we have set a multi-step approach. The first is a small
1.5-day Global Neuroethics Pre-Summit Workshop in Uppsala, Sweden in May 2019 in
partnership with the Human Brain Project (HBP) and then a 2-day Summit in Daegu,
Republic of Korea slated for Sept 2019 to coincide with the 2019 International Brain
Research Organization Congress.
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The magnitude of this project is greater than we initially imagined. Science engagement
as a field is relatively new, neuroethics is still relatively new, and both fields are
continuing to define themselves. Also, both groups are very heterogeneous with a wide
variety of disciplinary training and perspectives. Intersecting the two fields requires
tackling many of the tensions inherent in the respective fields of engagement and
neuroethics, and even more ambitious is finding the most fruitful points of intersection
for neuroethics and engagement. This is exciting! We have the opportunity to not only
enrich neuroethics discourse in ways that are rarely done as well as serve as a powerful
exemplar for science engagement through this context of neuroscience and ethics. This
also means the Global Neuroethics Pre-Summit Workshop will focus on some basic
conceptual features, to establish a necessary baseline understanding before moving
forward with neuroethics engagement strategies.
At the Global Neuroethics Pre-Summit Workshop, we will establish the foundation for
our September meeting. These activities include:
• Debrief the group and discuss the neuroethics engagement landscaping report
conducted by the National Informal STEM Education Network
• Define and operationalize engagement and neuroethics in the context of the Global
Neuroethics work in the International Brain Initiative
• Identify goals, methodologies, and audiences for engaging neuroethics using the
NeQN topics as a point of departure
• Establish foundations to design innovative engagement projects accomplished with
the collaboration and momentum of the IBI
This effort is a critical part of the transformation and growth of the fields of engagement,
neuroethics, and neuroscience and especially timely given the momentum of the
International Brain Initiative. Thank you for your partnership in moving both neuroethics
and in turn neuroscience forward on a global level.
Sincerely,
The Global Neuroethics Pre-summit Workshop Organizing Committee
Lise Bitsch, Jayatri Das, Lars Klüver, Sung-Jin Jeong, Caroline Montojo, Darrell
Porcello, Khara Ramos, Karen Rommelfanger, Arleen Salles, Brooke Smith
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AGENDA

2019
May 19 – 21, 2019
Uppsala, Sweden

AT-A-GLANCE
SUNDAY, MAY 19
13:00 – 17:00
17:30 – 18:00
18:00 – 20:30

CORE ORGANIZING GROUP ONLY
PARTICIPANT REGISTRATION
WELCOME RECEPTION AND DINNER + OPENING
ENGAGEMENT EXERCISE

MONDAY, MAY 20
6:00 – 8:00
8:00 – 9:40
9:40 – 12:50
12:50 – 13:45
13:45 – 17:15
18:00 – 20:00

BREAKFAST AT THE HOTEL
SESSION 1: WHY NEUROETHICS & ENGAGEMENT?
SESSION 2: WHAT ARE SOME PRACTICES IN NEUROETHICS
& IN ENGAGEMENT?
LUNCH AND NETWORKING
SESSION 3: ENGAGEMENT DESIGN: EXPLORING NeQNs,
GOALS, MODES OF ENGAGEMENT AND AUDIENCES
(workshop, activities, breakout groups)
DINNER AND CLOSING RECEPTION

TUESDAY, MAY 21
6:00 – 8:00
8:00
9:00 – 10:00
10:00 – 10:30
10:30 – 11:30
11:30 – 12:00
12:00 – 13:30

BREAKFAST AT THE HOTEL
SHUTTLE BUS TO UPPSALA UNIVERSITY
LESSONS LEARNED FROM HBP ETHICS & SOCIETY
BREAK
OPERATIONALIZING NEUROETHICS & ENGAGEMENT
FUTURE COLLABORATIONS DISCUSSION
CLOSING LUNCH AND NETWORKING
SHUTTLE BUS BACK TO HOTEL
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SUNDAY, MAY 19
ARRIVAL and WELCOME DINNER
SCANDIC UPPSALA NORD HOTEL
KÖKSBAREN RESTAURANT

DAY 1

*Hotel check-in: 15:00h/3:00pm

1:00 – 5:00pm

5:30 – 6:00pm
6:00 – 8:30pm

CORE ORGANIZING GROUP ONLY SESSION
REGISTRATION
WELCOME RECEPTION & OPENING ENGAGEMENT EXERCISE

(KÖKSBAREN RESTAURANT)
6:00 – 6:30pm

WELCOME

GNS co-chairs: Sung-Jin Jeong, Korea Brain Research Institute &
Karen Rommelfanger, Emory University; The Human Brain Project:
Lars Klüver, The Danish Board of Technology Foundation; The
Kavli Foundation: Caroline Montojo, The Kavli Foundation,
Director of Brain Initiatives/International Brain Initiative; Brooke
Smith, The Kavli Foundation, Director of Public Engagement
6:30pm
7:00 – 7:30pm

APPETIZERS, INTRODUCE YOURSELF TO YOUR NEIGHBOR
ENGAGEMENT ACTIVITY

Facilitators- Jayatri Das and Darrell Porcello, National Information
STEM Education Network
7:30pm
8:20 – 8:30pm

MAIN COURSE SERVED
LOGISTICS FOR NEXT DAY
Lise Bitsch, The Danish Board of Technology Foundation
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MONDAY, MAY 20
WORKSHOP and CLOSING RECEPTION
SCANDIC UPPSALA NORD HOTEL
RM FREJA (1&2)
MONDAY
MAY 20, 2019
Day 2

DAY 2
06.00
6:30 –- 08.00am
9:30am

BREAKFAST AT THE HOTEL (KÖKSBAREN RESTAURANT)

Morning Workshop:
CONCEPTUAL BACKGROUND FORMATION: DEFINING TERMS, CONTEXTS AND
GOAL- SETTING AT THE INTERSECTION OF ENGAGEMENT AND NEUROETHICS
(FREJA CONFERENCE ROOM 1&2)

8:00 – 9:40am

I.

WHY NEUROETHICS AND ENGAGEMENT?

DEFINING CONCEPTS AND UNDERSTANDING THE SCOPE OF OPPORTUNITIES
8:00 – 8:15am

WHAT ARE WE DOING HERE? BACKGROUND ON PRE-SUMMIT
MEETING AND NEUROETHICS SUMMIT 2019 - Sung-Jin Jeong,

Korea Brain Research Institute & Karen Rommelfanger,
Emory University, Global Neuroethics co-chairs, IBI
8:15 – 8:30am

HOW CAN WE LEVERAGE SHARED GOALS IN NEUROSCIENCE AND WHY
HAS ENGAGEMENT RISEN TO THE TOP AS A PRIORITY FOR IBI?

- Caroline Montojo, The Kavli Foundation, Director of
Brain Initiatives
8:30 – 8:50am

WHAT IS ENGAGEMENT AND HOW CAN ENGAGEMENT HELP
NEUROETHICS? WHAT ARE WE DOING RIGHT AND WHAT ARE WE
MISSING IN THE BROADER SCIENCE ENGAGEMENT LANDSCAPE?

WHAT ARE OPPORTUNITIES FOR NEUROETHICS? - Brooke Smith,

The Kavli Foundation, Director of Public Engagement
8:50 – 9:10am

THE LANDSCAPE OF NEUROSCIENCE AND ETHICS ENGAGEMENT

- Jayatri Das and Darrell Porcello, National Information
STEM Education Network
9:10 – 9:40am

DISCUSSION

PRE-SUMMIT WORKSHOP
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MONDAY, MAY 20
…continued

DAY 2
9:40am – 12:30pm
9:40 – 9:55am

II. WHAT ARE SOME PRACTICES IN NEUROETHICS & IN
ENGAGEMENT? CONTEXTS, GOALS AND METHODOLOGIES
LESSON LEARNED FROM THE HBP, HOW HAVE WE OPERATIONALIZED
NEUROETHICS? - Arleen Salles, Uppsala University, Human

Brain Project
9:55 – 10:10am

LESSONS LEARNED & FUTURE PLANS FOR PUBLIC ENGAGEMENT IN
Lars Klüver and Lise Bitsch, The

THE HUMAN BRAIN PROJECT -

Danish Board of Technology Foundation, Human Brain
Project
10:10 – 10:40am
10:40 – 10:55am

10:55 – 11:10am

11:10 – 11:25am
11:25 – 11:45am

BREAK (COFFEE/SNACKS)
METHODOLOGY: SCIENCE COMMUNICATION - “SCIENTIFIC LIAISON”
- Amy Adams, Director of Office and Scientific Liaison
National Institute of Neurological Disorders and Stroke at
NIH, BRAIN Initiative
METHODOLOGY: SCIENCE COMMUNICATION - “RESEARCH
ENHANCEMENT STRATEGY” - Megumi Maruyama, Project
Associate Professor, Research Enhancement Strategy
Office, Japan Brain/MINDS
METHODOLOGY: SOCIAL MEDIA - Yi Wang, Tongji University
School of Medicine, China Brain Project
METHODOLOGY: SOCIAL SCIENCES - WHAT NEUROETHICS
INTERVIEWS AND SURVEYS HAVE BEEN DONE AND WHAT THEY CAN
TELL US? -

Adrian Carter, Australian Brain Alliance, Jennifer
Chandler, Canadian Brain Research Strategy
LESSONS FROM KOREA BRAIN PROJECT: MIXED STRATEGIES:
11:45am – 12:00pm
SOCIAL SCIENCES AND INFORMAL EDUCATION STRATEGIES.
- Sung-Jin Jeong, Korea Brain Research Institute,
Korea Brain Project
DISCUSSION
12:00 – 12:30pm
12:30 – 1:25pm
LUNCH AND NETWORKING (KÖKSBAREN RESTAURANT)
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MONDAY, MAY 20
…continued

DAY 2
1:25 – 1:45pm

METHODOLOGY: INFORMAL SCIENCE EDUCATION ACTIVITY

- Jayatri Das and Darrell Porcello, National Information STEM
Education Network
Afternoon Workshop:
III. ENGAGEMENT DESIGN:
EXPLORING NeQNs, GOALS, MODES OF ENGAGEMENT, AND AUDIENCES
ENGAGEMENT ACTIVITY SYNTHESIS & INTRO TO WORKSHOP
1:45 – 2:00pm
1:45 – 1:55pm

SUMMARIZING MORNING THEMES FOR GOALS

Jayatri Das and Darrell Porcello, National Information STEM
Education Network
1:55 – 2:00pm

DISCUSSION OF GOALS FOR BREAKOUT GROUPS AND BREAKOUT
ASSIGNMENT INSTRUCTIONS; Sung-Jin Jeong, Korea Brain

Research Institute & Karen Rommelfanger, Emory University

2:00 – 3:30pm

ENGAGEMENT DESIGN I: WHAT ARE OUR GOALS FOR
ENGAGEMENT AND HOW SHOULD WE DO IT? (BREAKOUT
GROUPS) Breakout groups of 5-6 people. Each group is assigned

one NeQNs and discusses. Prompt Questions include:
o What are priority goals for engagement with these questions?
o What specific types of activities would be appropriate, what
context setting is important and why?
o What modes of engagement might be most effective and how
to assess efficacy?
3:30 – 3:50pm
B R E AK (C OF F E E / S NA CK S )

3:50 – 4:50pm

4:50 – 5:15pm
6:00 – 8:00pm

ENGAGEMENT DESIGN II (IN FULL GROUP)
Reporting back organized by each NeQN, 10 min per question.
Reminder that representatives from each group should discuss
plans for engagement within their respective brain projects during
the May 21 meeting.
LESSONS LEARNED: reported by attendees. Timeline for
mapping the engagement for September and beyond.
CLOSING RECEPTION AND DINNER
(KÖKSBAREN RESTAURANT)
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TUESDAY, MAY 21

DAY 3

HUMAN BRAIN PROJECT ETHICS & SOCIETY
SUBPROJECT JOINT MEETING
UPPSALA UNIVERSITY – BIOMEDICAL CENTRE
DAG HAMMARSKJÖLDS VÄG, ENTRANCE A11

6:30 – 9:30am

BREAKFAST AT THE HOTEL (KÖKSBAREN RESTAURANT)

8:00am

MEET IN LOBBY FOR A SHUTTLE OR WALK TO UPPSALA
UNIVERSITY
Morning Session
HUMAN BRAIN PROJECT ETHICS & SOCIETY SUBPROJECT JOINT MEETING
(UPPSALA BIOMEDICAL CENTRE – ENTRANCE A11)

9:00 – 10:00am

10:00 – 10:30am

10:30 – 11:30am

LESSONS LEARNED FROM ETHICS & SOCIETY: HOW TO
ENGAGE SCIENTISTS IN ETHICS AND PHILOSOPHY?
- Kathinka Evers, HBP Neuroethics, Uppsala University
- Inga Ulnicane, HBP Ethics Dupport, de Montfort University
B R E AK (C OF F E E / S NA CK S )
OPERATIONALIZING NEUROETHICS & ENGAGEMENT
Summary of strategy for engagement moving forward +
feedback from HBP SP12 on engagement strategies.

11:30am – 12:00pm

FUTURE COLLABORATIONS DISCUSSION

12:00 – 1:30pm

CLOSING LUNCH AND NETWORKING

2:00pm

SHUTTLE OR WALK BACK TO THE HOTEL

*Hotel check-out: 12:00noon
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BREAKOUT GROUPS and NeQNs
NeQN1
Q1. WHAT IS THE POTENTIAL IMPACT OF A MODEL OR NEUROSCIENTIFIC
ACCOUNT OF DISEASE ON INDIVIDUALS, COMMUNITIES, AND SOCIETY?
1a. What are the possible unintended consequences of neuroscience research
on social stigma and self-stigma?
1b. Is it possible that social or cultural bias has been introduced in research
design or in the interpretation of scientific results?
NAME
CHANDLER, JENNIFER
DAS, JAYATRI*
LEACH, JOAN
MONTOJO, CAROLINE*
SADATO, NORIHIRO
SALLES, ARLEEN*

AFFILIATION
CANADIAN BRAIN
RESEARCH STRATEGY
US NISE NETWORK
AUSTRALIAN NATIONAL
UNIVERSITY
KAVLI, INTERNATIONAL
BRAIN INITIATIVE
JAPAN BRAIN/MINDS
HUMAN BRAIN PROJECT

SPECIALTY
NEUROETHICS
(SOCIAL SCIENCES)
ENGAGEMENT
ENGAGEMENT (SCIENCE
COMMUNICATION)
NEUROSCIENTIST
NEUROSCIENTIST
NEUROETHICS

NeQN2
Q2. WHAT ARE THE ETHICAL STANDARDS OF BIOLOGICAL MATERIAL AND
DATA COLLECTION AND HOW DO LOCAL STANDARDS COMPARE TO
THOSE OF GLOBAL COLLABORATORS?
2a. How can human brain data (e.g. images, neural recordings, etc.), and the
privacy of participants from whom data is acquired, be protected in case of
immediate or legacy use beyond the experiment?
2b. Should special regard be given to the brain tissue and its donors due to the
origin of the tissue and its past?
NAME
AGUIAR, MAGDA

AFFILIATION

MARUYAMA, MEGUMI

CANADIAN BRAIN
RESEARCH STRATEGY
AUSTRALIAN BRAIN
ALLIANCE
VRIJE UNIVERSITET,
NETHERLANDS
JAPAN BRAIN/MINDS

ROMMELFANGER, KAREN*

US BRAIN INITIATIVE

WANG, YI

CHINA BRAIN PROJECT

BOURNE, JAMES
KUPPER, FRANK
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SPECIALTY
NEUROETHICS
(SOCIAL SCIENCES)
NEUROSCIENTIST
ENGAGEMENT
ENGAGEMENT (SCIENCE
COMMUNICATION)
NEUROETHICS
SCIENTISTS/SOCIAL
SCIENCES

…breakout groups & NeQNs

NeQN3
Q2. WHAT IS THE MORAL SIGNIFICANCE OF NEURAL SYSTEMS THAT ARE
UNDER DEVELOPMENT IN NEUROSCIENCE RESEARCH LABORATORIES?
3a. What are the requisite or minimum features of engineered neural circuitry
required to generate a concern about moral significance?
3b. Are the ethical standards for research conduct adequate and appropriate for
the evolving methodologies and brain models?
NAME

AFFILIATION

SPECIALTY

ADAMS, AMY

US BRAIN INITIATIVE

ENGAGEMENT (SCIENCE
COMMUNICATION)
ENGAGEMENT

BITSCH, LISE*

HUMAN BRAIN PROJECT

FORLINI, CYNTHIA

AUSTRALIAN BRAIN ALLIANCE

EVERS, KATHINKA
LEE, INYOUNG

HUMAN BRAIN PROJECT
KOREA BRAIN INITIATIVE

NEUROETHICS
(SOCIAL SCIENCES)
NEUROETHICS (PHILOSOPHY)
BIOETHICS

ZHAI, XIAOMEI

CHINA BRAIN PROJECT

BIOETHICS

NeQN4
Q4. HOW COULD BRAIN INTERVENTIONS IMPACT OR REDUCE AUTONOMY?
4a. What measures can be in place to ensure optimal autonomy and agency for
participants/users?
4b. Who will have responsibility for effects (where responsibility has broad
meaning encompassing legal, economic, and social contexts)?
NAME

AFFILIATION

SPECIALTY

CARTER, ADRIAN

AUSTRALIAN BRAIN ALLIANCE

KIM, SY

KOREA BRAIN INITIATIVE

MACMAHON, AGGIE
NAKAZAWA, EISUKE

KAVLI
JAPAN BRAIN/MINDS

NEUROETHICS
(SOCIAL SCIENCES)
ENGAGEMENT (SCIENCE
COMMUNICATION)
ENGAGEMENT
NEUROETHICS (PHILOSOPHY)

RAMOS, KHARA*
SMITH, BROOKE*
ULNICANE, INGA

US BRAIN INITIATIVE
KAVLI
HUMAN BRAIN PROJECT
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POLICY/NEUROSCIENTIST
ENGAGEMENT
ETHICS, GOVERNANCE &
INTERDISCIPLINARY
COLLABORATION

…breakout groups & NeQNs

NeQN5
Q5. IN WHICH CONTEXTS MIGHT A NEUROSCIENTIFIC
TECHNOLOGY/INNOVATION BE USED OR DEPLOYED?
5a. Which applications might be considered misuse or best uses beyond the
laboratory?
5b. Does this research raise different and unique equity concerns and, if so, have
equitable access and benefit of stakeholders been considered?
NAME
HENDRICKS, SASKIA

AFFILIATION
WYSS CENTER,
SWITZERLAND
US BRAIN INITIATIVE

JINNI JEONG

KOREA BRAIN INITIATIVE

SPECIALTY
ENGAGEMENT: MEDIA/PUBLIC
RELATIONS
NEUROETHICS (SOCIAL
SCIENCES)
NEUROSCIENTIST

KLUVER, LARS*

HUMAN BRAIN PROJECT

ENGAGEMENT

PORCELLO, DARRELL*

US NISE NETWORK

ENGAGEMENT

WANG, HUIMIN

CHINA BRAIN PROJECT

BIOETHICS

BOWLER, JO
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AMY ADAMS
Director, Office of Scientific Liaison
National Institutes of Health
adamsamy@mail.nih.gov
Dr. Amy B. Adams currently serves as Director of the Office of
Scientific Liaison (OSL) at the National Institute of Neurological Disorders and Stroke at NIH,
where she leads OSL efforts to provide a seamless flow of information on research advances
and initiatives to the various stakeholders including scientific and academic communities, as
well as policy-makers, patients, and the public. OSL manages the NINDS website, an
important tool in broadly conveying this information. Previously, she served as the Director of
the National Institute of Dental and Craniofacial Research (NIDCR) Office of Science Policy
and Analysis (OSPA) since 2008, where she was responsible for coordinating scientific
planning efforts, policy analysis, and providing evaluating and reporting services for the
NIDCR. Prior to joining NIDCR, Dr. Adams served as an American Association for the
Advancement of Science (AAAS) Science and Technology Policy Fellow in the Office of the
(NIH) Director, and subsequently served as Special Assistant to the NIH Director. Dr. Adams
earned her Ph.D. in cell biology from the Yale University School of Medicine, where her
research focused on the genetic and cellular basis for neurotransmitter control of behavior in
C. elegans. She received her B.S. in biology from the Massachusetts Institute of Technology.

MAGDA AGUIAR
Postdoctoral Fellow
Neuroethics Canada
Magda.aguiar@ubc.ca
Magda Aguiar, PhD is a postdoctoral fellow at Neuroethics
Canada. She is a pharmacist with a PhD in health economics from the University of
Birmingham and is also affiliated with the Collaboration for Outcomes Research and
Evaluation (CORE) based at UBC’s Faculty of Pharmaceutical Sciences. Magda is originally
from Portugal and moved to Canada from the UK where she worked as a research fellow at
the Health Economics Unit of the University of Birmingham. Magda’s research interests
include public health economics, economic evaluation, patient preferences and discrete
choice experiments. At Neuroethics Canada, Magda will work on the NIH-funded project that
explores ethical issues faced by families and clinicians when considering new treatment for
pediatric drug-resistant epilepsy.
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LISE BITSCH
Senior Project Manager
Danish Board of Technology Foundation
lb@teknoldk
Lise Bitsch, Ph.D., is a Senior Project Manager at the Danish
Board of Technology Foundation, manager for the “Ethics and Society” sub-project in the EU
flagship Human Brain Project, and coordinator of the EU co-creation project GoNano
(Governing Nanotechnologies through societal engagement). She has a background in
Science and Technology Studies (STS).

JAMES BOURNE
Associate Professor
Monash University
james.bourne@monash.edu
James Bourne is an Associate Professor in the Australian
Regenerative Medicine Institute at Monash University. He completed his undergraduate
training in Biochemistry (Hons) at the Imperial College of Science, Technology and Medicine,
Londonand PhD in the field of Neuropharmacology with the Ministry of Defence and King’s
College, London. He then relocated to Australia to undertake a Postdoctoral position at the
Vision, Touch and Hearing Research Centre at UQ, later moving to Monash University where
in 2007 he started up his own research group. James holds an NHMRC Senior Research
Fellowship, is a member of the NHMRC Research Committee and has a strong track record
in the field of neural development and regeneration of the visual system. He heads the Bourne
group, with his skills and expertise in nonhuman primate research enabling the group to
undertake cross-disciplinary research collaborations which form an important component of
translational research to humans.

JOHANNA BOWLER
Media and Public Relations Manager
Wyss Center for Bio & Neuroengineering
johanna.bowler@wysscenter.ch
Jo Bowler joined the Wyss Center as Media and Public
Relations Manager in December 2015. She works alongside scientists, engineers, clinicians,
and business innovators on internal and external communications including journalist liaison
as well as written, multimedia and digital content. Jo is interested in the connection between
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science and society, methods of public engagement with science and the ethical questions
related to the development of new technologies. She brings more than fifteen years of
combined research and communication experience in multiple science and engineering
disciplines, including biotechnology, biomechanics, astronomy, zoology and neuroscience.
She is experienced in developing tailored communication strategies and in managing all
aspects of coordinated, campaign-led, communications. Prior to joining the Wyss Center she
was Science Press Officer at the University of Exeter in the UK, Communications Manager
for the Square Kilometre Array Telescope international astronomy organisation, Account
Executive for a biotech communications consultancy and Science Communicator in an
interactive science visitor center. She previously worked as a postdoctoral research scientist
at the University of Manchester, UK, where she investigated the evolutionary mechanisms of
bipedal walking in humans. She obtained her BSc (Hons) in Zoology from Royal Holloway,
University of London and her Ph.D. in Biomechanics from the Royal Veterinary College,
University of London. Jo has published articles in both peer reviewed journals and the popular
science press.

ADRIAN CARTER
Head, Neuroscience & Society Group
Monash University
adrian.carter@monash.edu
Associate Professor Adrian Carter is an NHMRC Career
Development and Head, Neuroscience and Society Group at the School of Psychological
Sciences and Monash Institute of Cognitive and Clinical Neurosciences, Monash University.
He is also Director, Neuroethics Program, Australian Research Council Centre of Excellence
for Integrative Brain Function and Co-Chairs the Australian Brain Alliance Neuroethics
Subcommittee, Australian Academy of Science. His research examines the impact of
neuroscience on our understanding and treatment of addiction, mental illness and
neurological disorders, including: agency, identity, moral responsibility, privacy, stigma and
discrimination, the use of coercion and the capacity for voluntary control of behaviours; and
the use of emerging technologies such as brain stimulation, brain computer interfaces,
wearables and neuroimaging, to treat mental illness. He received the Australasian
Professional Society of Alcohol and Other Drugs “Early Career Award for Excellence in
Research and Science” (2012) and the Australian National Drug and Alcohol Award for
Excellence in Research (2010). He has over 140 publications, including the book ‘Addiction
Neuroethics: The Promises and Perils of Addiction Neuroscience’(Cambridge University
Press, 2012). Dr. Carter has been an advisor to the World Health Organization, the European
Monitoring Centre for Drugs and Drug Addiction, the Australian Ministerial Council on Drugs
Strategy and United Nations Office on Drugs and Crime.
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JENNIFER CHANDLER
Bertram Loeb Research Chair, Full Professor
University of Ottawa
Jennifer.chandler@uottawa.ca
Jennifer A. Chandler is a Full Professor in the Faculty of Law,
University of Ottawa. She holds degrees in law from Queen’s University and Harvard Law
School, and a BSc from the University of Western Ontario. She holds the University of
Ottawa’s Bertram Loeb Research Chair. Professor Chandler’s main research focus relates to
ethical, legal and policy issues at the intersection of the brain sciences, mental health care
and the law. She has published widely in legal, bioethical and health sciences journals and is
the co-editor of the book Law and Mind: Mental Health Law and Policy in Canada (2016). She
is a member of the Board of Directors of the International Neuroethics Society, and of the
advisory board for CIHR’s Institute for Neurosciences, Mental Health and Addiction. She
serves on international editorial boards in the field of law, ethics and neuroscience, including
Clinical Neuroethics, the Springer Book Series Advances in Neuroethics, and the PalgraveMacMillan Book Series Law, Neuroscience and Human Behavior. She is a founding leader of
the CHLPE Multi-Disciplinary Bioethics Network, which is a new multi-disciplinary bioethics
network, bringing together academics, clinicians, and policy-makers from around Ottawa to
consider bioethics issues in new ways and from multiple angles. Professor Chandler is active
in public policy in organ donation and transplantation as a member of the ethics committees
of the Ontario Trillium Gift of Life Network and Canadian Society of Transplantation. She was
also a member of the government appointed Council of Canadian Academies’ expert panel
that recently completed its review of Canada’s medical assistance in dying legislation.

JAYATRI DAS
Director of Science Content | Chief Bioscientist
The Franklin Institute
jdas@fi.edu
Jayatri Das is Director of Science Content and Chief
Bioscientist at The Franklin Institute and an invited Fellow of the Center for Neuroscience &
Society at the University of Pennsylvania. She has led development of the Institute’s two
newest permanent exhibitions—Your Brain, a national award-winning exhibit about the
neuroscience and psychology of the human brain, and SportsZone—and directs various
programming initiatives to advance informal science education about areas of emerging
science and their societal impact. She also serves as an advisor to the National Informal
STEM Education (NISE) Network. In 2016, she was honored with the American Alliance of
Museums’ Nancy Hanks Award for Professional Excellence.
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KATHINKA EVERS
Professor, Centre for Research Ethics & Bioethics
Uppsala University
kathinka.evers@crb.uu.se
Kathinka Evers leads the CRB neuroethics research team. She
is a co-director of the EU Flagship Human Brain Project. Her main research focus is
neuroethics and the neural basis of consciousness and she teaches an advanced level course
in neuroethics. Kathinka Evers conducted her doctoral studies in philosophy at Balliol College,
University of Oxford, at the Research School of Social Sciences, Australian National
University, Canberra, and at Lund University, Sweden, where she received her doctoral
degree in 1991. She has been a research fellow at Balliol College, University of Oxford (1994);
at the Department of Philosophy and Human Rights Centre, University of Essex, Colchester
(1996-97); invited professor at the University of Tasmania, Hobart (1999), at École Normale
Supérieure, Paris (2002), and at Collège de France, Paris (2006-7). For six years (1997-2002)
she was the Executive Director for the Standing Committee on Responsibility and Ethics in
Science (SCRES) of the International Council for Science (ICSU). She is also division leader
for ethical and societal implications of the EU-flagship Human Brain Project. Kathinka Evers
has recently been appointed Honorary Professor at Universidad Central de Chile.

CYNTHIA FORLINI
Research Fellow, Sydney Health Ethics
The University of Sydney
Cynthia.forlini@sydney.edu.au
Cynthia Forlini, PhD is a Research Fellow at Sydney Health
Ethics (Sydney School of Public Health) of The University of Sydney. I am an interdisciplinary
researcher with expertise in the field of neuroethics, a sub-field of bioethics examining the
implications of neuroscience in research, clinical, public, and philosophical contexts. My work
addresses ethical issues that arise as we redefine the boundaries between treatment,
maintenance, and enhancement of cognitive performance. Through my research, I engage
with stakeholders using mixed-methods (qualitative and quantitative) approaches. In 2015, I
was awarded an Australian Research Council Discovery Early Career Researcher Award
(2015–2017) to develop my research on the neuroethics of cognitive ageing. In addition to my
research, I developed and deliver the only neuroethics unit of study in Australia (BMRI5001:
Neuroethics). I contribute to the early and mid-career researcher community by chairing
networks for both The University of Sydney and the Australasian Association of Bioethics and
Health Law. I hold Associate Editor positions with BMC Medical Ethics and Journal of
Bioethical Inquiry and have reviewed manuscripts for fifteen journals in various disciplines
(e.g. bioethics, neuroscience, psychology, medicine).
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PETRA HAND
Programs Specialist, Public Engagement & Prizes
The Kavli Foundation
phand@kavlifoundation.org
Petra Hand is a programs specialist on the Public Engagement
and Prizes team at The Kavli Foundation. Prior to joining the Foundation in 2017, she served
for over a decade with the United Nations as a policy advisor, political and humanitarian affairs
officer in UN missions in Darfur, Sudan/South Sudan, Afghanistan, Iraq, and as senior aide to
the Under-Secretary-General for Political Affairs in New York. Petra holds a Masters’ degree
from Tufts University, The Fletcher School of Law & Diplomacy. She is fluent in six languages.

SASKIA HENDRIKS
Postdoctoral Fellow, Department of Bioethics
National Institutes of Health
saskia.hendriks@nih.gov
Saskia Hendriks, MD, PhD, is a postdoctoral fellow in the
Department of Bioethics at the Clinical Center of the National Institutes of Health. Dr. Hendriks
conducts empirical and conceptual research on the ethical, social and legal implications of
emerging medical technologies in reproduction and neuroscience. Dr. Hendriks also works for
the Neuroethics Program within the Office of the Director office of the National Institute of
Neurological Disorders and Stroke. In this role, Dr. Hendriks contributes to the efforts to
integrate neuroethics into the NIH BRAIN Initiative. Dr. Hendriks obtained her MD-PhD at the
University of Amsterdam.

Co-Chair
SUNG-JIN JEONG
Principal Researcher
Korea Brain Research Institute
jinni1970@gmail.com
Sung-Jin Jeong is a principal Researcher at the Korea Brain
Research Institute. She received her Ph.D. in Molecular Biology from Seoul National
University, and then worked as a Research Fellow at Massachusetts General Hospital for
seven years. She then worked as a Research Fellow and Staff Scientist at Children’s Hospital
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Boston, before joining the Korea Brain Research Institute in 2013. Dr. Jeong recently
published an article in Neuron, describing the history and goals of the Korean Brain Initiative.
This initiative is centered on deciphering the brain functions and mechanisms that underlie
decision-making, and the major goal is to map a functional connectome of the brain. The
project also encourages the development of novel techniques and technologies, and should
ultimately have socioeconomic ramifications that facilitate global collaboration across the

world.

HAE RYUNG “AMY” JUNG
Officer
Korea Brain Research Institute
hrjung@kbri.re.kr
Hae Ryung Jung is an officer at the Korea Brain Research
Institute and a member of the secretariat of the Organizing Committee for IBRO 2019 World
Congress (International Brains Research Organization).

SANG KIM
Team Leader, PR & Cooperation Team
Korea Brain Research Institute
sykim@kbri.re.kr

Sang Kim, is the team leader of PR & Cooperation Office in
KBRI, Korea Brain Research Institute. Sang Kim is responsible for public relations, outreach
and external cooperation at KBRI, Korea Brain Research Institute now. He is communicating
with the public, media, government through various activities such as media, SNS, Youtube,
lectures, brain museums, and R&E about brain science and research results. He majored in
life science(B.S) at POSTECH and received a master's degree in scientific journalism from
KAIST in Korea. After graduation, he worked as a reporter, writer and editor in chief at Seoul
Economic Daily, Dong-A Daily and Science Dong-A Magazine. He teaches ‘science,
technology and journalism’ at DGIST now.
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LARS KLÜVER
Director
Danish Board of Technology Foundation
lk@tekno.dk
Lars Klüver, Director at the Danish Board of Technology
Foundation, is an international expert in technology assessment and foresight methodology,
with special emphasis on practices engaging stakeholders, policy-makers and citizens.

FRANK KUPPER
Assistant Professor Science Communication
Vrije Universiteit Amsterdam
f.kupper@vu.nl
Frank Kupper, is an assistant professor of science
communication at the Vrije University Amsterdam. His research focuses on the development
of new interaction spaces, methods and techniques to shape the conversation about science
and technology in society. He also owns and runs the social change company “Mens in de
Maak”. Drawing on the method of dramatic improvisation, the company playfully explores
futures of new science and technology for humans and society.

JOAN LEACH
Director, Australian National Centre for Public Awareness of Science
The Australian National University
joan.leach@anu.edu.au
Professor Joan Leach (BA Hons, BSc, MA, PhD) is Director of
the Australian National Centre for Public Awareness of Science at The Australian National
University. She is the Chair of the National Committee for History and Philosophy of Science
at the Australian Academy of Science, and former President of Australian Science
Communicators. Her research centres on public engagement with science, medicine and
technology and she has been active in the Australian government&#39;s recent initiatives
toward ‘Inspiring Australia’. She is currently researching the role of popular science in the
globalization of science since the 1960s, a project funded by the Australian Research Council.
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She has published extensively about science communication, including Rhetorical Questions
of Health and Medicine, and was editor of the International journal, Social Epistemology.
Professor Leach has won numerous academic awards for her research and community
engagement, including being a Science Journalism Laureate at Purdue University (USA).
While remaining transfixed by science, she advocates for better science communication that
critically examines the social impacts of science, technology and biomedicine.

IN YOUNG LEE
Professor
Hongik University
liyou@hongik.ac.kr
Inyoung Lee is a Professor at Hongik University, College of
Law. She received B.A, M.A, and Ph.D. degrees in Criminal Law in 1983, 1986 and 1994 at
Yonsei University. She was a member of the Korean National Bioethics Committee and the
former president of the Korean Bioethics Society. She is a Chief of Editorial Board of Korea
National Institute for Bioethics Policy. She is one of the organizers of the Korean Neuroethics
Study Group established in 2017. She has broad interest in the ethical, legal and social
implications of neuroscience. This includes the impact of neuroscientific research on human,
neurogenetics, brain injury, adolescence brain science, and neurological evidence.

MEGUMI MARUYAMA
Project Associate Professor
National Institute for Physiological Sciences
marumegu@nips.ac.jp
Megumi Maruyama is a Project Associate Professor at
National Institute for Physiological Sciences (NIPS). She graduated Osaka University in 1998.
She obtained Master degree at Graduate school of Medicine, Osaka University in 2000. She
became Assistant Professor at Department of Environmental Physiology, School of Medicine,
Shimane University in 2002. She obtained her PhD in 2007 from Shimane University, for a
thesis about “Neural regulatory mechanism of body temperature in rats”. In 2009, she was a
Research Fellow at National Institute for Basic Biology (NIBB). In 2010, she was Project
Assistant Professor at NIPS. Since 2013, she is Project Associate Professor in NIPS and
working on administrator of Research Enhancement Strategy Office, NIPS. She also holds
the post of Brain/MINDS Beyond Promotion and Support Office of Japan Agency for Medical
Research and Development (AMED) as core organization staff. She is also Program Officer
of Strategic Research Program for Brain Sciences (SRPBS) to supervise program.
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AGGIE MCMAHON
Science Program Fellow
The Kavli Foundation
amcmahon@kavlifoundation.org
Agnes McMahon joined The Kavli Foundation in August 2018
as the inaugural Science Program Fellow. Prior to her work at the Foundation, she served as
the Program Manager for the ENIGMA Consortium, an international collaboration in
neuroimaging and genomics. Agnes began her career with a B.S. from the University of North
Carolina and a post-baccalaureate fellowship in functional neuroimaging at the Duke-UNC
Brain Imaging and Analysis Center. She then earned her M.S. in Clinical Science from the
University of Colorado, culminating in a thesis on adolescent brain structure in substance use
disorder. After graduate school, Agnes joined the Cognitive Neurology division at Johns
Hopkins University to research non-verbal autism spectrum disorder. In Agnes’s current role
with The Kavli Foundation, she provides coordination and support for the International Brain
Initiative. She also contributes to the Foundation’s broader neuroscience efforts, including
activities for the US BRAIN Initiative.

CAROLINE MONTOJO
Director, Brain Initiatives | Sr. Science Program Officer
The Kavli Foundation
cmontojo@kavlifoundation.org
Caroline Montojo joined The Kavli Foundation in 2015 where
she now serves as the Director of Brain Initiatives and Senior Science Program Officer. Dr.
Montojo is deeply involved in catalytic efforts to advance science, including the U.S. BRAIN
Initiative and the International Brain Initiative. She is also an elected Spokesperson for the
International Brain Initiative. Prior to joining Kavli, Dr. Montojo completed postdoctoral
research in the Semel Institute for Neuroscience and Human Behavior at the University of
California, Los Angeles (UCLA). Her research at UCLA focused on investigating neural
biomarkers for psychiatric illness using functional magnetic resonance imaging techniques,
for which she was awarded the Arnold Scheibel Distinguished Postdoctoral Fellow in
Neuroscience Award and the Stephen R. Mallory Schizophrenia Research Award. Dr. Montojo
received her B.A. from the University of California, Berkeley, and completed her M.A. and
Ph.D. at Johns Hopkins University. She holds a Women in Leadership Certificate from the
Cornell SC Johnson School of Business. Dr. Montojo is an invited member of the World
Economic Forum Global Future Council on Neurotechnology and the National Academy of
Sciences, Forum on Neuroscience and Nervous System Disorders.
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EISUKE NAKAZAWA
Lecturer, Department of Biomedical Ethics
University of Tokyo
nakazawa@m.u-tokyo.ac.jp
Eisuke Nakazawa, PhD, is a lecturer in the Department of
Biomedical Ethics at the University of Tokyo Graduate School of Medicine (Japan). His
research interests lie in neuroethics, research ethics and philosophy of science. His recent
book publication is Nakazawa E et al. 2016. Ethics of Decoded Neurofeedback in Clinical
Research, Treatment, and Moral Enhancement. American Journal of Bioethics Neuroscience
7(2): 110–117.

DARRELL PORCELLO
Director of STEM Networks & Partnership
National Informal STEM Education Network
porcello@gmail.com
Darrell manages, designs, and finds funding for Science,
Technology, Engineering, and Math (STEM) education projects. Currently, he is CoInvestigator of a NASA Science Mission Directorate-funded Earth and space science public
engagement project of the (U.S.) National Informal STEM Education (NISE) Network and
coordinates efforts at the Children's Creativity Museum (CCM) in San Francisco and other
U.S. museum partners. He is part of the team responsible for the Sun, Earth, Universe
exhibition and the Explore Science: Earth & Space toolkit, reaching hundreds of museum
partner and millions of visitors throughout the U.S. He also works closely with early education
specials at CCM to bring new STEM education partnerships and opportunities to the museum
in line with its creativity-focused public programming. In his previous role of Chief Technology
Officer at University of California, Berkeley’s Lawrence Hall of Science (LHS), he grew a small
multimedia service group into a successful production house for independent educational
technology products with significant impact and millions of active users. He co-founded the
popular howtosmile.org digital library, which has offered a robust catalog of high-quality &
open STEM hands-on activities and value-added services for science museums, afterschool
programs, homeschoolers, and other informal science and math education professionals for
almost 10 years. He also led development of popular apps at LHS funded by NIH, NSF, and
NASA including DIY Sun Science, DIY Human Body, and I Got This: An Interactive Story.
Since finishing his Ph.D. at Stanford in Neuroscience, Darrell has had many museum roles
including IT specialist, volunteer, content developer, public speaker, researcher, director, and
fundraiser. This experience has provided him with a strong appreciation for multi-disciplinary
teams and collaboration, and a desire to lead dynamic and diverse groups of professionals
in pursuit of creating innovative educational experiences.
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KHARA RAMOS
Director, Neuroethics Programs
National Institutes of Health
khara.ramos@nih.gov
Dr. Khara Ramos serves as Director, Neuroethics Program,
and Health Scientist Administrator in the Office of Scientific Liaison (OSL), at the National
Institute of Neurological Disorders and Stroke (NINDS) at NIH. She leads efforts to integrate
neuroethics into the NIH BRAIN Initiative, and serves as Executive Secretary of the
Neuroethics Working Group of the NIH BRAIN Multi-Council Working Group and co-lead of
the trans-NIH BRAIN neuroethics project team. In her role within OSL she works to support a
seamless flow of information on NINDS-supported research advances and initiatives to
various stakeholders including scientific and academic communities, as well as policy-makers,
patients, and the public. Previously, Dr. Ramos worked as Special Assistant to the Deputy
Director of the National Institute of Dental and Craniofacial Research (NIDCR), where she
served as point person on high profile projects for NIDCR and provided support to the NIDCR
Office of the Director regarding policy analysis, communications, program oversight,
evaluation activities, strategic planning, and project coordination. She originally moved from
academia to federal service via the AAAS Science and Technology Policy Fellowship
Program, following a post-doctoral fellowship at the University of Colorado, Boulder, where
she studied the role of non-neuronal cells of the central nervous system in chronic pain states
and in opioid-induced central sensitization. Dr. Ramos holds a Ph.D. in neurosciences from
the University of California, San Diego, and a bachelor’s degree in Symbolic Systems from
Stanford University.

Co-Chair
KAREN ROMMELFANGER
Assistant Professor | Director, Neuroethics Program
Emory College
krommel@emory.edu
Dr. Karen S. Rommelfanger received her PhD in neuroscience
and postdoctoral training in neuroscience and neuroethics. Her research explores how
evolving neuroscience and neurotechnologies challenge societal definitions of disease and
medicine. Dr. Rommelfanger is an Assistant Professor in the Departments of Neurology and
Psychiatry and Behavioral Sciences, the Neuroethics Program Director at Emory University’s
Center for Ethics, and Senior Associate Editor at the American Journal of Bioethics
Neuroscience. In recognition of her leadership in the neuroethics community, Dr.
Rommelfanger was appointed to the NIH BRAIN Initiative’s Neuroethics Division and acts as
the Division ambassador to the Human Brain Project Ethics Advisory Board. She is dedicated
to cross-cultural work in neuroethics and also serves as ethicist to the China-India Mental
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Health Alliance. A key part of her work is fostering communication across multiple
stakeholders in neuroscience. As such she edits the largest international online neuroethics
discussion forum The Neuroethics Blog and is a frequent contributor and commentator in
popular media such as The New York Times, USA Today and The Huffington Post.

NORIHIRO SADATO
Professor
National Institute for Physiological Sciences
sadato@nips.ac.jp
Dr. Sadato is a professor of National Institute for Physiological
Sciences in Japan since 1999. After training as a diagnostic radiologist, he entered into the
functional neuroimaging field in 1990. Dr Sadato is interested in understanding the
mechanisms of plastic change in the human brain accompanied by learning, sensory
deprivation, and development explored by functional MRI. Recently he focuses on the
development of social cognition and its correlates. Dr. Sadato has been the chair of the Ethics
Committee of The Japan Neuroscience Society since 2008.

ARLEEN SALLES
Senior Researcher, Center for Research Ethics & Bioethics
Uppsala University
arleen.salles@crb.uu.se
Dr. Arleen Salles is a Senior Researcher at the Center for
Research Ethics and Bioethics, Uppsala University, Sweden, and task leader and research
collaborator in the Ethics and Society subproject (SP12) of the EU-flagship Human Brain
Project. She is the Director of the Neuroethics Program at Centro de Investigaciones
Filosoficas in Buenos Aires, Argentina, and member of the organizing committee of the Global
Neuroethics Summit series. She works on a wide range of neuroethical topics, from the nature
of the field and the development of a culturally aware neuroethics, to conceptual issues in
neurosurgery for psychiatric disorders, neuroimaging and privacy concerns, and ethical and
conceptual issues in artificial intelligence. She is currently working on a conceptual analysis
of human identity and the self, and the debate over the potential impact of neurotechnologies
on what makes us human. For more information: http://www.crb.uu.se/staff/arleen-salles/

25

BROOKE SMITH
Director, Public Engagement with Science
The Kavli Foundation
bsmith@kavlifoundation.org
Brooke Smith is the Director of Public Engagement with
Science at The Kavli Foundation. Until late 2016, Brooke served as the Executive Director of
COMPASS, a non-profit organization dedicated to empowering scientists to be effective
communicators and to engage in the public discourse about the environment. Brooke’s
expertise and connections are rooted in science, science communication, public engagement
of science, public policy, journalism, environment and conservation, organizational leadership,
and fundraising. Her experiences stem from early work in the federal government, as a
consultant to federal agencies, as a University-based communication professional, and for the
last fifteen years, in the non-profit sector. She has an M.S. from Oregon State University’s
College of Oceanic and Atmospheric Sciences and a bachelor’s degree from Duke University.
Brooke is a member of the National Academy of Sciences Roundtable on the Public Interfaces
of Life Sciences and serves on the National Caucus for Environmental Legislators Board of
Directors. She has served on the National Board of Directors for the Surfrider Foundation and
Portland’s Forest Park Conservancy, and was a Donella Meadows Fellow.

INGA ULNICANE
Research Fellow
De Montford University
inga.ulnicane@dmu.ac.uk
Dr. Inga Ulnicane is a Research Fellow at De Montfort
University (Leicester, UK) and contributes to the Ethics Support work-package in the Human
Brain Project. In particular, in the HBP she undertakes research and awareness raising
activities in the areas of dual use and responsible artificial intelligence. She is task leader for
Ethics Support Outreach and Dissemination which includes editorial role of Ethics Dialogues
blog. She has more than 10 years of international and interdisciplinary research, teaching and
engagement experience. Her research on international scientific collaboration and science,
technology and innovation policy and governance has been published in international peerreviewed journals such as Science and Public Policy, Journal of European Integration and
Journal of Contemporary European Research as well as in edited volumes published by
Routledge and Springer. Previously she has worked at University of Vienna (Austria),
University of Twente (Netherlands), University of Latvia and Academy of Sciences of Latvia
and been visiting researcher at University of Manchester (UK) and Georgia Institute of
Technology (US).
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HUIMIN WANG
Professor, Institute of Cognitive Neuroscience
East China Normal University
hmwang@nbic.ecnu.edu.cn
Dr. Huimin Wang is a Professor of the Institute of Cognitive
Neuroscience at East China Normal University. And she is also a joint faculty at NYU-ECNU
Institute of Brain and Cognitive Science at NYU Shanghai. Dr. Wang graduated from the
Medical School of Zhejiang University in 1988 and became a pediatrician in the Children’s
Hospital affiliated to the Medical School of Zhejiang University. In 1993 she joined the
graduate program of pharmacology at Rutgers University (the State University of New Jersey),
where she worked with Dr. Leroy F. Liu, who is a pioneer in DNA topoisomerases, on the role
of ATP in chemomodulation of topoisomerase II. During her post-doctoral training at Princeton
University with Dr. Joe Z. Tsien, she developed an in vivo protein knock out technology and
studied the molecular signals during different stages of memory processes (1999-2004). Prior
to join East China Normal University, she worked at Boston University as a visiting Scholar.
Her research is mainly focused on understanding the molecular and neuronal mechanisms
underlying learning and memory, specifically the retrieval and reconsolidation processes of
the long-term memory. Her lab is also working on the immunomodulatory mechanisms of
neurodegenerative diseases, such as Alzheimer’s disease. Dr. Wang has published many
research articles in leading journals, including Neuron, Current Biology, Nature
Communication and PNAS. Dr. Wang has been serving as Chair of IRB at ECNU as well as
Vice-chair of IRB at NYU Shanghai for many years.

WINDY YI WANG
Assistant Professor | Researcher
Tongji University School of Medicine
yiwang87@tongji.edu.cn
I graduated from Beijing Normal University with a BS in
biology in 2010. After college, I went to University of Nebraska Medical Center (UNMC) for
graduate study in pharmacology and experimental neuroscience. I was awarded with a PhD
degree in neuroscience in 2015. After that, I worked as a research associate in the Laboratory
of Neuroimmunology and Regenerative Therapy, UNMC. At the same time, I studied
biostatistics and epidemiology as a part-time student in the College of Public Health and was
awarded a master of public health degree in biostatistics in 2016. Now I am working as an
assistant professor/researcher in Tongji University School of Medicine, coordinating
longitudinal studies on addiction behaviors and mental health of college students. My research
interests lie in studies on ethical issues of neuroscience and technology (especially issues of
neurotechnology utilized in brain disease projects and their social impacts), and strategies to
approach these issues in China and worldwide. I am the first author of the Neuroethics Special
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Issue paper “Responsibility and Sustainability in Brain Science, Technology, and Neuroethics
in China—a Culture-Oriented Perspective”. Also I am interested in strategies to engage public
opinions into the design and implementation of neural disease projects.

XIAOMEI ZHAI
Executive Director, Center for Bioethics
Chinese Academy of Medical Sciences
Peking Union Medical College
xmzhai@pumc.edu.cn
ZHAI Xiaomei, Ph.D. of Philosophy of Science/Bioethics
(Chinese Academy of Social Sciences CASS, Beijing, China), M.A. of Philosophy (Southeast
University, Nanjing, China), Graduated from Changzhi Medical College, China. She has been
IRB fellow at Department of Bioethics, NIH, USA, Visiting Scholar at Center for Clinical
Bioethics, Georgetown University, USA, Visiting Scholar at Radboud University Nijmegen,
The Netherlands, Leuven University, Belgium, Visiting Scholar at, Johns Hopkins University,
USA, Research Fellow at Harvard School of Public Health, USA, Visiting Scholar at Institute
of Environment, Philosophy and Public Policy, Lancaster University, U.K. Now she is
Distinguished Professor & Supervisor of PhD Program at School of the Public Health and
School of Humanities & Social Sciences, Peking Union Medical College. She is Executive
Director at Centre for Bioethics, Chinese Academy of Medical Sciences & Peking Union
Medical College. Currently she serves as Vice-President & Chief of the Office of National
Ethics Committee, National Health Commission (NHC), Member of National Expert
Committee on Public Policy, NHC, Chief of the Office for Medical Ethics, Chinese Association
of Hospitals, Member of National Expert Committee on Human Organ Donation and
Transplantation, Standing Director & Chair of Ethics Working Group for Chinese Association
of STD/AIDS, President of Chinese Society for Bioethics, Vice-Chair of ELSI Committee,
Chinese Society for Genetics, and Fellow of the Hastings Center. She served as the Member
of Ethics Committee, HUGO and Vice President of Asian Bioethics Association, and
Temporary Expert for WHO. She published books, such as the book of Death with Dignity, An
Introduction to Bioethics, Medical Ethics and Public Health Ethics, and a large number of
articles on bioethics, biotech regulation and health policy.
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ACCOMMODATION
GROUND TRANSPORTATION
MAPS

HELPFUL
INFORMATION

Scandic Uppsala Nord Hotel
Gamla Uppsalagatan 50
Uppsala
+46 18 495 2300
Website here

Located near the city center, this newly renovated hotel features comfortable
rooms, restaurant & bar, gym, sauna and a coffee shop. Breakfast is included during
your stay.
CHECK-IN: 15:00H/3:00PM
CHECK-OUT: 12:00NOON

GROUND TRANSPORTATION
YOU WILL BE RESPONSIBLE FOR YOUR OWN TRANSPORTATION BETWEEN THE
ARLANDA INTERNATIONAL AIRPORT AND THE SCANDIC UPPSALA NORD
HOTEL, LOCATED APPROXIMATELY 38KM (30 MINUTES) APART.
While there are frequent trains and buses from the airport to Uppsala, they
do not take you directly to the hotel and require changing buses and some
walking. We therefore recommend taking a taxi from/to the airport. Please
visit the airport site here to learn about the different taxi options. The cost of
a taxi ride is approximately SEK 675 (USD 70+).
We will provide transportation between the hotel and the workshop venue at
Uppsala University on Day 3. You can also walk between the two locations in about
45 minutes, a walking group will meet in the lobby at 8:00am on Tuesday, May 21.
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WALKING MAP:
SCANDIC UPPSALA NORD HOTEL – UPPSALA BIOMEDICAL CENTER (2 miles)

Scandic Uppsala Nord Hotel

Uppsala Biomedical Centre

Gamla Uppsalagatan 50

Dag Hammarskjölds väg, EntranceA11
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DRIVING MAP:
STOCKHOLM ARLANDA AIRPORT - SCANDIC UPPSALA NORD HOTEL (26 mi)
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ABOUT HUMAN BRAIN PROJECT
NeQNs MANUSCRIPT
NISE ENGAGEMENT REPORT

BACKGROUND
DOCUMENTS
HUMAN BRAIN PROJECT:

The Danish Board of Technology Foundation is part of the Human Brain Project’s
“Ethics and Society” group that promotes and implements the principles of
Responsible Research and Innovation (RRI) in an ethically sound way that
corresponds to the interests of the European society. In our work we aim to engage
European publics and external experts alike in the social, ethical, legal and cultural
issues arising from the research and technological developments in HBP. Read
more about our work here:
http://www.tekno.dk/project/human-brain-project/?lang=en
Read more about the Ethics and Society Group here:
https://www.humanbrainproject.eu/en/social-ethical-reflective/

NEQNS MANUSCRIPT:
NEUROETHICS QUESTIONS TO GUIDE ETHICAL RESEARCH IN
THE INTERNATIONAL BRAIN INITIATIVES
By Global Neuroethics Summit Delegates, Karen S. Rommelfanger, Sung-Jin
Jeong, Arisa Ema, Tamami Fukushi, Kiyoto Kasai, Khara M. Ramos, Arleen
Salles, and Ilina Singh.

NISE REPORT:
PUBLIC ENGAGEMENT WITH NEUROSCIENCE & SOCIETY CONFERENCE REPORT AND VISION FOR A NATIONAL INFORMAL NEUROSCIENCE
EDUCATION INITIATIVE
By Jayatri Das, Elizabeth Kunz Kollmann, Darrell Porcello, Rae Ostman, and
Larry Bell
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Neuron

Perspective
Neuroethics Questions to Guide Ethical
Research in the International Brain Initiatives
Global Neuroethics Summit Delegates, Karen S. Rommelfanger,1,* Sung-Jin Jeong,2 Arisa Ema,3 Tamami Fukushi,4
Kiyoto Kasai,5 Khara M. Ramos,6 Arleen Salles,7 and Ilina Singh8
1Center for Ethics Neuroethics Program, Departments of Neurology and Psychiatry and Behavioral Sciences, Emory University,
1531 Dickey Drive, Atlanta, GA 30322, USA
2Korea Brain Research Institute, 61 Choeomdan-Ro, Dong-Gu, Daegu 41068, Korea
3Science and Technology Studies, College of Arts and Sciences, University of Tokyo, Tokyo 1138654, Japan
4Department of Research Infrastructure, Japan Agency for Medical Research and Development, Tokyo, Japan
5Department of Neuropsychiatry and The International Research Center for Neurointelligence (WPI-IRCN) at The University of Tokyo Institutes
for Advanced Study (UTIAS), 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-8655, Japan
6Office of Scientific Liaison, Office of the Director at the National Institute of Neurological Disorders and Stroke, National Institutes of Health,
Bethesda, MD, USA
7Centre for Research Ethics and Bioethics, Human Brain Project, Ethics and Society Subproject, Uppsala University, Uppsala, Sweden
8Department of Psychiatry and Wellcome Centre for Ethics and Humanities, University of Oxford, Oxford, UK
*Correspondence: krommel@emory.edu
https://doi.org/10.1016/j.neuron.2018.09.021

Increasingly, national governments across the globe are prioritizing investments in neuroscience. Currently,
seven active or in-development national-level brain research initiatives exist, spanning four continents.
Engaging with the underlying values and ethical concerns that drive brain research across cultural and continental divides is critical to future research. Culture influences what kinds of science are supported and
where science can be conducted through ethical frameworks and evaluations of risk. Neuroscientists and
philosophers alike have found themselves together encountering perennial questions; these questions are
engaged by the field of neuroethics, related to the nature of understanding the self and identity, the existence
and meaning of free will, defining the role of reason in human behavior, and more. With this Perspective
article, we aim to prioritize and advance to the foreground a list of neuroethics questions for neuroscientists
operating in the context of these international brain initiatives.
Background
Neuroscience has become a national priority for governments
across the globe as evidenced by seven active or emerging national-level brain research initiatives (Grillner et al., 2016; Huang
and Luo, 2015): Australia (Richards and Committee, 2016), Canada (https://www.canadianbrain.ca/), China (Poo et al., 2016),
the EU (Amunts et al., 2016), Japan (Okano et al., 2016), Korea
(Jeong et al., 2016), and the US (Jorgenson et al., 2015) (Table 1;
Figure 1). These initiatives collectively represent a proposed investment of over $US 7 billion. Such an investment reflects the
importance of the potential afforded by a deeper understanding
of the brain and recognition that neuroscience can dramatically
shift the landscape of our lives.
Advances in neuroscience continue to reveal and pose unprecedented ethical issues. These issues range from general
concerns about societal goals and values to more specific questions about desirable outcomes for neuroscience research
(PCSBI, 2014; Rose, 2014), to perennial philosophical questions
related to the nature of understanding the self and identity,
whether or not free will exists, the nature of emotion, the role
of reason in human behavior, and memory (Evers et al., 2017).
The expansive implications of neuroscience in defining humanity
have contributed to the status of neuroscience as a nationallevel funding priority across the globe.
Neuroethics complements the discipline of neuroscience by
providing a robust set of tools for informing the design and

conduct of biomedical research as well as analyzing how neuroscience findings impact society and may transform social institutions. Neuroethics can be understood as a mutually informing
collaborator that can advance the field of neuroscience by
anticipating the near-term to far-reaching—often unexpected–
implications of new technologies, findings about the brain that
result from examining the brain, and the implementation of these
technologies. To the neuroscience community, neuroethics provides a critical lens for reimagining, framing, and often focusing
the questions and potential impact of specific research projects
(Box 1).
Thus, the priority for neuroethics as an integral part of the
neuroscientific enterprise has moved beyond the academy and
has registered at the highest levels of governments (Table 1). For
example, the European Union’s Human Brain Project (HBP) from
its inception has had structural and financial resources dedicated
to projects on the attendant philosophical and ethical issues of
neuroscience research (Amunts et al., 2016; Evers, 2016). The
Ethics and Society subproject of the HBP research core publishes
opinions about relevant HBP-related ethical issues and one of the
research groups under this subproject is dedicated to neuroethical
and philosophical questions (https://www.humanbrainproject.
eu/en/social-ethical-reflective/neuroethics-and-philosophy/). The
HBP also has an Ethics Rapporteur system wherein researchers
from each of the twelve research subprojects routinely discuss
ethical issues with the HBP Ethics Advisory Board and with Ethics
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Japan Brain/MINDS
(https://brainminds.jp/en/
central/mission)

EU Human Brain Project
(https://www.
humanbrainproject.
eu/en/about/overview/)

China Brain Project

Canadian Brain Research
Strategy (https://www.
canadianbrain.ca/)

Potential Impact: high-resolution, wide-field, deep, fast, and
long imaging techniques for brain structures and functions;
techniques for controlling neural activity; determine causal
relationships between the structural/functional damage of
neuronal circuits and disease phenotypes; eventually develop
innovative therapeutic interventions.

Goals: ‘‘.developing the common marmoset as a model animal
for neuroscience, the project aims to build a multiscale marmoset
brain map, develop new technologies for experimentalists,
create transgenic lines for brain disease modeling, and integrate
translational findings from the clinical biomarker landscape’’
(Okano et al., 2016, p. 582).

Potential Impact: neuromorphic and neurorobotic technologies;
supercomputing technologies for brain simulation, robot, and
autonomous systems control and other data intensive
applications; personalized medicine for neurology and psychiatry.

Goal: ‘‘creating a research infrastructure to advance
neuroinformatics, brain simulation, high performance analytics
and computing, medical informatics, neuromorphic computing,
and neurorobotics’’ (Amunts et al., 2016).

Potential Impact: basic understanding of neural circuit mechanism
underlying higher cognitive functions; molecular, imaging, and
functional markers for early diagnosis of brain disorders;
physiological and physical approaches for early intervention; new
generation of brain-inspired artificial neural networks, computing
devices, and intelligent robots (Poo et al., 2016).

Goal: understanding cognitive disorders with a focus on autism,
depression, and Alzheimer’s disease; child and adolescent
development of intelligence; brain inspired machine intelligence
and intelligent socially interactive robots.

Potential Impact: develop and maintain a large-scale Canadian
network in Open Science and Data Sharing.

Goal: understanding how the brain learns, remembers, and adapts.

a neuroethics group in Strategic
Research Program for Brain
Sciences (SRPBS) has
supported neuroethics issues
on Brain/MINDS

Research Project (SP12)
dedicated to neuroethics
from 2013; includes Ethics
Management as part of the
directorate, an Ethics and
Society Subproject (SP12), an
Ethics Rapporteur Program,
and an external Ethics Advisory
Board and Ombudsperson

TBD

neuroethicist on committee

neuroethics committee part
of initial ABI design

Goals: ‘‘.optimizing and restoring brain function, developing
advanced neural interfaces, understanding the neural basis of
learning across the lifespan, and developing new insights for
brain-inspired computing’’ (Richards and Committee, 2016, p. 599).

Australian Brain Initiative
(https://www.brainalliance.
org.au/)

Potential Impact: create advanced industries in neurotechnology;
develop treatments for debilitating brain disorders; produce
high-impact interdisciplinary collaborations that will increase
understanding of the brain.

Neuroethics Component

Goals and Potential Impact

Project

Table 1. The International Brain Initiatives

500 million over
5 years

300 million

1.2 billion; 4%
of budget for
ethics

TBD; estimated
1 billion

TBD

Total Budget for
Duration of Project
(US Dollars)

(Continued on next page)

2014–2023

2013–2023

Project is in development.
Estimated 15 years,
including 5 year startup
period (Normile, 2018).

project is in development

project is in development,
estimated 5 years

Duration
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Potential Impact: complete cell census of mouse and, later,
human brain; technologies to precisely modulate activity of
specific neural circuits devices for in vivo high-density
intracellular recording; technologies that expand our ability
to monitor activity non-invasively in the human brain; link
brain activity to behavior; data analysis tools to help
understand the biological basis of mental processes.

Goals: accelerate the development and application of new
technologies that will enable researchers to produce dynamic
pictures of how individual brain cells and complex neural
circuits interact at the speed of thought.

Adapted from OECD (2017) Table 2.1.

US BRAIN Initiative
(http://www.braininitiative.
org/alliance/)

Goal: ‘‘mapping of a functional connectome with searchable,
multi-dimensional, and information-integrated features. The
project also includes the development of novel technologies
and neuro-tools for integrated brain mapping. Beyond the
scientific goals this grand endeavor will ultimately have
socioeconomic ramifications that not only facilitate global
collaboration in the neuroscience community, but also
develop various brain science-related industrial and medical
innovations’’ (Jeong et al., 2016, p. 607).

Potential Impact: brain mapping platforms and high-throughput
technologies to unravel the structural and the mechanistic bases
of higher brain functions, such as decision-making, attention, and
memory to develop brain-inspired artificial intelligence systems;
precision medicine-based approaches to develop therapeutic
interventions of neurological disorders (Jeong et al., 2016).

Goals and Potential Impact

Korea Brain Initiative

Continued

Project

Table 1.

President’s Commission for the
Study of Bioethical Issues
focus on neuroscience in
2013–2015; Neuroethics
Working Group formed in 2016;
Neuroethics Research Grants
available in 2017 and 2018;
Neuroethics Subgroup of the
Advisory Committee to the NIH
Director, 2018–2019

neuroethics committee part of
initial KBI design

Neuroethics Component

budget projected to
be 6 billion; neuroethics
grants in 2017–2018,
2 million/year

350 million

Total Budget for
Duration of Project
(US Dollars)

2013–2025

2016–2026

Duration
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Figure 1. The International Brain Initiatives
Adapted from Yuste and Bargmann (2017) Figure 1.

Support. The Australian Brain Alliance (Richards and Committee,
2016), Canadian Brain Research Strategy, and Korea Brain Initiative (J. Illes and S.-J.J., personal communication) have incorporated neuroethics and neuroethicists into the design of their
emerging and recently launched national brain research programs.
In China, scientists are working with the Chinese government to
incorporate a neuroethics committee into the China Brain Project.
The United States Brain Research through Advancing Innovative
Neurotechnologies (BRAIN) Initiative (https://braininitiative.nih.
gov/index.htm), included tasking the Presidential Commission
for the Study of Bioethical Issues with exploring the attendant
ethical issues of neuroscience research writ large. Recognizing
that the rapid pace of technology often supersedes the ways scientists and engineers understand the social implications of their
work (Check, 2007; Heffernan, 2010), the team created two reports
emphasizing that neuroethics should be a requisite part of all
neuroscience research (PCSBI, 2014, 2015) and an integral part
of training the next generation of neuroscientists. These reports
shaped the implementation of the BRAIN Initiative neuroethics
program, including offering large-scale grants for neuroethics
research (https://www.braininitiative.nih.gov/about/neuroethics.
htm). The BRAIN Initiative has established a Neuroethics Working
Group and has program officers managing neuroethics grant portfolios. A recently formed BRAIN Working Group of the Advisory
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Committee to the NIH Director, tasked with evaluating the blueprint
for BRAIN (BRAIN 2025: https://www.braininitiative.nih.gov/2025/
), also has included a Neuroethics Subgroup to develop a Neuroethics Roadmap for the Initiative.
Good neuroethical practice should also lead to engaging with
the underlying values and ethical concerns that drive brain
research across cultures and continents. Ultimately, cultural
values influence not only how science is done, but also how
the science might be adopted and integrated in societal practice.
The consequences of cultural misunderstandings are far from
trivial for the scientific enterprise. Gaps in understanding lead
to missed opportunities for collaboration and advancement toward future discoveries, limit the ability to broadly share results
and thereby reap the benefits of neuroscience findings, and ultimately result in a failure to recognize the short- and long-term
potential and risks of neuroscience research. These cultural differences exist between national entities, within defined societies,
and also among individual researchers and practitioners. And yet
in the 15-year history of the field of neuroethics, there has been
little work engaging cultural perspectives, and when different
cultural perspectives are presented, they are done so in isolation
without comparison and analysis across cultures. Culturally
informed and aware neuroethical inquiry, understood as a
process of intentional perspective-taking, can be useful in
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Box 1. Scholarly Traditions for Analyzing the Social and Ethical Implications of Neuroscience

Over the past few years, a number of approaches have focused on the social and ethical implications raised by neuroscientific
research (Eric and Matthew, 2017). One approach, critical neuroscience, calls for a more reflective neuroscientific practice that
calls largely upon the social sciences to examine the potential and limitations of the questions and methodologies of neuroscience
(Choudhury et al., 2009). A second approach is neuroethics that attempts to complement the discipline of neuroscience by
providing a robust set of ethical and philosophical tools for analyzing how research is designed and conducted as well as how
neuroscience findings impact individuals and the societies they live in. Thus, neuroethics can be understood as a mutually informing collaborator that advances the field of neuroscience by identifying, critically addressing, and illustrating the near-term to farreaching—often unexpected—implications of the new technologies, findings about the brain that result from examining the brain,
and the implementation of new technologies (Salles and Evers, 2017).
This relatively new field of neuroethics, focused on neuroscience and its design, methods, conduct, and the impact of its products
on society, has sometimes been accused of not offering much from a critical perspective and of overstating the positive impact of
neuroscientific findings (Brosnan, 2011; De Vries, 2005; Racine, 2010). At its best, far from being an uncritical advocate of neuroscience, neuroethics can remain constructively critically aware, providing a lens for reimagining the questions and potential impact
of specific research projects.
Still, such critique has prompted some neuroethics scholars to argue for a ‘‘fundamental neuroethics,’’ a term employed by the
philosophy research group of the HBP, which aims to delve into deep conceptual philosophy, to explore how scientific inquiry
can be used to address a number of fundamental philosophical questions (Evers et al., 2017) and how such questions might be
explored in the context of responsible research innovation (RRI) (Salles et al., 2018). RRI is a normative framework that has dominated EU policy and governance that generally encourages stakeholder involvement to collectively discuss how best to advance
societal goals through technology innovation. For additional explanation of normative frameworks on evaluating neurotechnology
and society, including RRI, please see section 5, p. 27 of the 2017 OECD report (OECD, 2017).

generating novel questions and thereby driving more fruitful and
ethical global science. However, particular care is needed in assessing cultural perspectives as one risks reinforcing ill-informed
stereotypes rather than thoughtful engagement. Our emphasis
on perspective-taking here encourages reflection and inquiry
of the values and philosophical traditions within and across national settings.
Beyond a cursory mention in reports and guidelines by independent groups (Goldschmidt and Renn, 2006; Yuste et al., 2017), no
national project has explicitly discussed cultural perspectives
when engaging these neuroethics and neuroscience questions.
Furthermore, no report has addressed what engaging neuroscience with a cross-cultural lens might look like, although recent
reports from the Organization for Economic Co-operation and
Development (OECD) make special note of the need for cross-cultural evaluations in technology development (Garden and Winickoff, 2018; OECD, 2017). A culturally informed analysis is urgently
needed given the global collaborative nature of neuroscience
research and the recent commitment to the formation of the International Brain Initiative, a collaborative entity comprised of all existing national-level brain projects (https://www.brainalliance.org.
au/learn/media-releases/worlds-brain-initiatives-move-forwardtogether/). With this paper, we aim to establish a list of neuroethics questions for neuroscientists (NeQNs) (Box 2) in general
and, in particular, those operating in the context of these global
brain projects.
Culturally Informed and Aware Neuroethics: An
Integrated Approach?
While there are numerous philosophical approaches that would
be useful in addressing the concerns of neuroscience (Evers
et al., 2017), mainstream Western bioethics, which has emerged
in response to Western biomedicine’s largely non-explicit indi-

vidualistic orientation, has dominated neuroethics discussions
to date (Burton, 2007; Chattopadhyay and De Vries, 2008,
2013). Therefore, the more prevalent neuroethical approaches
may not be fully capturing the richness of the relevant issues
for neuroethical inquiry across the sites of national brain
projects. It is necessary to ask how the prevalent Western
approach—largely conceived as a matter of obligations to individual rights bearers rather than the often more globally prevalent communitarian concerns—applies to the moral aspirations
and requirements of a broader global community, a community
characterized by diverse values and beliefs. Through culturally
informed neuroethics, we can gain a stronger acknowledgment
and understanding of cultural values—values that can both
be geographically specific, but are also more likely represented
on a spectrum across geographic regions and peoples (Stevenson et al., 2016). We can also begin to uncover the extent to
which some of those cultural values are morally relevant, should
be upheld, or can be challenged. Fundamentally, cultural values
impact the neuroscientific agenda, what questions should be
considered to be within the purview of brain studies, and how
neuroscience findings are understood.
Central to typical neuroethics discourse is brain exceptionalism: the belief that the brain, distinct from any other organ, is
foundational to human identity because it is the locus of fundamental human elements such as personality, desires, hopes,
fears, memories, and free will. Neuroscience has become a national research priority across the globe not only because of the
global burden of brain diseases, but also because researchers
and funders have set as among their goals ‘‘unlocking the elusive
secrets of the human brain’’ (Martin and Chun, 2016, p. 573) and
deeper understanding of ‘‘human feelings and behavior’’ (Okano
et al., 2015, p. 2), and ultimately our essential human-ness. It is
unclear, however, the degree to which these constructions of
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Box 2. Neuroethics Questions to Guide Ethical Research in the International Brain Initiatives

Q1. WHAT IS THE POTENTIAL IMPACT OF A MODEL OR NEUROSCIENTIFIC ACCOUNT OF DISEASE ON
INDIVIDUALS, COMMUNITIES, AND SOCIETY?
1a. What are the possible unintended consequences of neuroscience research on social stigma and self-stigma?
1b. Is it possible that social or cultural bias has been introduced in research design or in the interpretation of scientific results?
Q2. WHAT ARE THE ETHICAL STANDARDS OF BIOLOGICAL MATERIAL AND DATA COLLECTION AND HOW DO
LOCAL STANDARDS COMPARE TO THOSE OF GLOBAL COLLABORATORS?
2a. How can human brain data (e.g. images, neural recordings, etc.), and the privacy of participants from whom data is acquired,
be protected in case of immediate or legacy use beyond the experiment?
2b. Should special regard be given to the brain tissue and its donors due to the origin of the tissue and its past?
Q3. WHAT IS THE MORAL SIGNIFICANCE OF NEURAL SYSTEMS THAT ARE UNDER DEVELOPMENT IN
NEUROSCIENCE RESEARCH LABORATORIES?
3a. What are the requisite or minimum features of engineered neural circuitry required to generate a concern about moral significance?
3b. Are the ethical standards for research conduct adequate and appropriate for the evolving methodologies and brain models?
Q4. HOW COULD BRAIN INTERVENTIONS IMPACT OR REDUCE AUTONOMY?
4a. What measures can be in place to ensure optimal autonomy and agency for participants/users?
4b. Who will have responsibility for effects (where responsibility has broad meaning encompassing legal, economic, and social
contexts)?
Q5. IN WHICH CONTEXTS MIGHT A NEUROSCIENTIFIC TECHNOLOGY/INNOVATION BE USED OR DEPLOYED?
5a. Which applications might be considered misuse or best uses beyond the laboratory?
5b. Does this research raise different and unique equity concerns and, if so, have equitable access and benefit of stakeholders
been considered?

the brain-body-mind relationship, or the identification of the brain
with ‘‘who we are,’’ are universally embraced in the communities
where brain research projects are occurring (Descartes, 1985;
Gillihan and Farah, 2005; Kitayama and Park, 2010; Nisbett and
Miyamoto, 2005; Sakura, 2012; Vidal, 2009; Yang and Miller,
2015; Yu, 2009). For many cultures, the mind, brain, and body
are inextricably linked, as typified by the Chinese and Japanese
concept of or xin or kokoro (心), meaning mind-heart-spirit as
inseparable features (Swanson, 2011; Yu, 2009). The same character is recognized as maum (마음) in Korean. A society’s,
including its scientists’, interpretations of these relationships
can greatly influence the choice of projects pursued and the
way research is conducted, and delimit the ultimate applications
of neurotechnologies. Cultural views on death or brain death are
not universal (Asai et al., 2012; Yang and Miller, 2015), nor are
views of the inviolability of life, as evinced by gene editing of
human embryos first in China and subsequently in the UK and
US (Liang et al., 2015). Cultural differences have had a marked
impact on what is considered permissible in national funding
for research. Nonhuman primate (NHP) research has now
become a focus of some projects in East Asia (Okano et al.,
2016; Poo et al., 2016), even while NHP moral status is increasingly debated in the West. The rapid development in the sciences,
in East Asia in particular, and the not-so-gradual relocation of a
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number of high-stakes, scientific, and biomedical enterprises
from the West to East Asia, have made it imperative to engage
with the plurality of existing ethical standards in order to realize
the full potential of a collaborative global scientific enterprise.
To be clear, the weight and responsibility of examining societal
values and motivations, and of conducting ethical and culturally
aware neuroscientific research, should not be placed on scientists
alone. Best practices for ethical scientific endeavors can flourish
only when mechanisms and supports exist that encourage or
enable scientists to do so. This is especially true given the
demands on and incentives for scientific researchers to pursue
scientific activities that may not achieve the highest ethical standards. Wherever possible, incentives for best ethical practices
should be built within grant structures and interdisciplinary
work. The actors involved in providing such support include the
government, funders, universities, companies, and the public.
In order to promote awareness and discussion of these matters, we now present neuroethics questions to guide neuroscience research in the international brain initiatives, or neuroethics
questions for neuroscientists for short (NeQN). While many of
these questions are best asked by individual researchers as
they design their projects, reflection on the nature and import
of these questions by institutions, grant agencies, and society
at large is essential to ensuring that researchers are encouraged
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Box 3. About the Global Neuroethics Summit

In 2016 at the UN General Assembly meeting, representatives of each of the brain projects in development or already launched
met to discuss the creation of an International Brain Initiative (IBI). In winter 2017, a formal declaration of intent to form the
IBI was announced (https://www.brainalliance.org.au/learn/media-releases/worlds-brain-initiatives-move-forward-together/). In
the same spirit, the Global Neuroethics Summit aimed to bring together the global neuroethics projects to discuss how to align
neuroethics efforts with the first step being to engage in developing a set of cross-cultural neuroethics questions to accompany
and to be integrated into research in these brain projects. We also were grateful for the case study model provided by a parallel
meeting in 2016 called Our Brain, Ourselves, Our World (http://o3brain.org/).
We brought together leading neuroscientists, ethicists, policymakers, sociologists, and cross-cultural scholars associated with
each of the national-level brain research projects to attend a 2-day Global Neuroethics Summit in Daegu, South Korea. We endeavored to generate a list of neuroethics questions for neuroscientists across these brain projects. Details about the program and attendees can be found at https://globalneuroethicssummit.com/. See Table S1 for question development process. The resultant
questions (Box 2) are meant to be adaptable and informed by the cultural values and frameworks of each country, beyond traditionally Western philosophical values.
The goal of the summit was to have a conceptual investigation and challenge what we may typically assume we all know when we
discuss common neuroethics topics.
This is a very different and deliberate approach from previous discussions on best practices and policies in neuroethics. For
example, while we may all agree that privacy is important to protect and honor for those who participate in neuroscience research,
we may not all have the same ideas on the values that inform why privacy is worth protecting, or on the concept of what privacy is.
Our work was to unpack some of these assumptions and to embark on cross-cultural perspective-taking while avoiding the pitfalls
of moral relativism (e.g., there’s no moral standpoint we can agree upon) and moral imperialism (e.g., there’s only one moral truth).
We also were mindful to engage in helpful perspective-taking exercises to avoid oversimplifying or stereotyping specific groups,
cultures, or individuals.

to ask these types of questions and are recognized when they
do. Embedding these research questions within the design of
future experiments can enrich future research findings and anticipate ethical roadblocks that have the potential to otherwise
delay or halt projects.
Neuroethics Questions for Neuroscientists
In recognition of the importance of cultural perspective-taking, a
group of experts gathered to generate a general list of neuroethics
questions that could be addressed across all national-level brain
initiatives. We intend this exercise to serve as a model and starting
point (not the conclusion) for culturally informed neuroethics
(Box 3; Table S1; on process and about the Global Neuroethics
Summit). NeQNs are deliberately intended to be adaptable,
nimble, and informed by the local cultural value frameworks of
each country hosting a national-level brain project. We hope
that these NEQNs will also have value to neuroscientists beyond
the brain projects, but we utilize the contexts of the existing and
emerging large-scale national brain projects in Australia, Canada,
China, the EU, Japan, Korea, and the US to illustrate the importance of this type of ethical inquiry in neuroscience. Because
many of these projects represent countries in East Asia, we illustrate neuroethics questions through the underrepresented ethical
frameworks found in East Asia such a Buddhism and Confucianism. Foregrounding these questions is intended to empower
neuroscience researchers and their necessary partners to integrate and address these considerations within their research.
Q1. What is the potential impact of a model or
neuroscientific account of disease on individuals,
communities, and society?
As we continually learn more about the role of the brain and its
functions, neurobiological data are being used in both expected

and unexpected ways. To illustrate, such data have been taken
to be exculpatory in legal proceedings (Aspinwall et al., 2012).
While the influence of medical models of mental health may increase help-seeking (Chen and Mak, 2008), research has also
shown that neurobiological accounts may increase the stigma
visited on individuals with certain mental illnesses, such as
schizophrenia and alcohol dependence (Pescosolido et al.,
2010). Neurobiological accounts may have unpredictable effects
on the self-understanding and self-efficacy of individuals with
some mental illnesses (Kvaale et al., 2013). For example, identifying the neurobiological mechanisms of mental illnesses may
reduce some of the self-blame associated with a disease, but
may also reduce a person’s belief in their ability to control their
symptoms or to overcome their illness.
Many national brain projects are seeking improved or new
predictive testing for brain-related conditions such as autism
spectrum disorders and Alzheimer’s disease. These early
assessment tools may provide an opportunity to intervene early
and slow the progression of disease (Arias et al., 2018). Many of
these tools involve portable, relatively inexpensive, and userfriendly devices such as eyetracking with the aim of enabling
wider universal use and access. However, predicting future brain
health may impact not only what disease people believe they
may develop, but also who they think they might become (Sarrett
and Rommelfanger, 2015). Similarly, other techniques that national brain projects seek to develop would establish typical or
‘‘normal’’ maps of brain circuitry or activity. These mapping
activities potentially mark individuals as being different from
the norm, which may identify them as deviant and treated differently by their communities. As with mental illness, these diseases
transform not only the relationship of individuals with their environments, but also their relationships with family members and
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loved ones. For example, in cultures where philosophical and
moral traditions such as Buddhism and Confucianism are
embraced (Chen and Fan, 2010), there is a tendency to conceive
of the self as irreducibly relational. In these contexts one’s relationships reinforce a sense of identity. ‘‘Who I am’’ therefore is
fundamentally a matter of being with and interacting with others.
While family and friends are often impacted by the patient’s
illness regardless of culture, the experience is qualitatively
different and deeper in traditions that conceive of self as relational. When prediction technology suggests a patient may
have a brain disorder or disease, this not only deeply impacts
the individual, but also strongly reverberates across those relationships that provide the ground of the individual’s personhood.
Brain research holds great promise in improving an individual’s
life, but could also present significant obstacles to human flourishing. For this reason, it is important for scientific teams to
consider the following social and cultural aspects of their work
and the data they generate.
1a. What are the possible unintended consequences
of neuroscience research on social stigma and
self-stigma?
It is necessary to consider how individualism and collectivism are
articulated in a local context because these are predictors toward stigma and mental illness—for instance, collectivist beliefs
have been positively correlated with stigma against mental
illness (Papadopoulos et al., 2013). Researchers who deploy
predictive models of disease and technological developments
for preclinical detection of brain diseases should ask whether
their work improves the quality of life in physical and social terms
for those living with a disorder, or whether their predictions could
unexpectedly exacerbate suffering. Addressing how such technologies might impact or alter individual self-understanding
should be integral to research. For example, how does information about etiology or predictive assessments foster or undermine a person’s sense of their agency? Does a prediction for a
brain disease threaten to redefine a person’s sense of their life
trajectory? Could it change how they define their future selves?
What new pressures or opportunities for treatment might such
predictive information produce? Exploring how we conduct,
apply, and communicate this research requires broader societal
discussion. Collaborative research opportunities with neuroethicists could include developing methods for communicating with
patients and their families about novel choices and decision
points involving diagnoses or interventions. Researchers can
look to the precedent established for embedding neuroethicists
in experimental procedures like deep brain stimulation for
depression. These embedded neuroethicists interview study
participants about the participants’ perceived benefit and
comprehension of the complexities of the intervention (Leykin
et al., 2011). Current NIH BRAIN projects include neuroethics
grants exploring the ongoing ethical conundrums that arise
when doing opportunistic brain recordings in patients who undergo surgical procedures for epilepsy (Chiong et al., 2018).
When exploring the question of unintended stigma, researchers should be able to articulate how their models of disease promote or adversely affect concepts of wellness or if these
models create tensions or violate prevalent beliefs about
wellness or disease. Within the Confucian cultural context, for
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example, family is the guiding metaphor for interpersonal relations—to address a collection of people in Chinese is to literally
call for the attention of the ‘‘big family’’ (大家) (Chen and Fan,
2010). In many cultures guided by such a principle of interdependence, a condition like autism would stigmatize not only the individual but also an entire family; the social discrimination can
jeopardize marriage and business prospects (Lauber and Rössler, 2007). While the impact of disease may be considered to universally draw concerns of loved ones and family members, in the
Confucian context, such a disease or even a predictive assessment can impact families in a way that is much more foundationally shaking. Kleinman and Mechanic note that ‘‘mental illness in
China is not a confidential relationship between patient and doctor, but a social issue involving the home, the work place and
[broader community]’’ (Kleinman and Mechanic, 1981, p. 340).
Further, they note that mental illness is considered first and foremost a public health problem and therefore warrants sharing the
problems with family, neighbors, and co-workers (Kleinman and
Mechanic, 1981, p. 348). As clinical research is ongoing, it is
worth noting that, in the absence of access to interventions, a
preclinical diagnosis of risk could be received as a sentence
that condemns the entire family rather than an opportunity for
an individual’s therapeutic intervention. Exploring these questions can also be done through interdisciplinary collaborations
using empirical methods to assess public views on these
questions.
1b. Is it possible that social or cultural bias has been
introduced in research design or in the interpretation of
scientific results?
A stated aim of many of the brain projects is to better understand
neural circuitry in the diseased and non-diseased human brain,
with goals that include predicting, restoring, connecting, or
enhancing brain function (Huang and Luo, 2015; Martin and
Chun, 2016). Much neuroscientific research is focused on investigating what might be considered adverse or abnormal phenomena related to the brain, but notions of what is normal and
abnormal, what is common or uncommon, and what is acceptable or unacceptable reflect social or cultural biases that are
not universal and may require further justification. (Abi-Rached,
2008; Bird, 2012; Goering, 2018; Roy, 2012). For example, is
the reductionism inherent (and often scientifically necessary)
to the connectome and brain atlasing projects compatible with
the variations found in lived human behavior and experience?
Scientists can start these explorations at the very inception of
their experimental design and note how assumptions might
bias hypotheses. For example, some members of the neurodiversity movement (Jaarsma and Welin, 2012)—an advocacy
position promoting autism as a natural variant of human neurological development—would consider research to cure autism
a road to promoting eugenics. It is important to consider how
socially constructed identities shape the experiments and questions chosen and the ways the data are interpreted. In that spirit,
care must be taken to avoid studies that may reflect or replicate
biases in society including negative biases toward race,
ethnicity, gender, and disability. Because the findings of neuroscience are often interpreted as unique underpinnings of ‘‘human-ness,’’ the stakes of misinterpreting the implications of
neuroscience research are high. This is not to say that research
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must be perspective-free or value-neutral. The act of addressing
bias is one of addressing unacknowledged assumptions, implicit
cultural norms, and underrepresented values in the research.
When researchers reflexively reflect on their own particular views
and include the voices of those with different perspectives, they
work to achieve ‘‘strong objectivity’’—objectivity that is achieved
through a diverse range of perspectives (Harding, 2005). Neuroscience research can benefit from incorporating the input of a
variety of stakeholders throughout the research process, particularly that of the potential consumers of new neurotechnologies.
It is important to anticipate how findings could impact societal
evaluations of diversity and inclusivity, and how scientific
research has tried to account for biases, assumptions, and valuations in constructing the ‘‘normal’’ or ‘‘natural’’ brain since
these qualities are frequently culturally determined. Taking into
consideration existing social and cultural perspectives and differences concerning the continuum of wellness to illness can
ensure sensitivity to diverse stakeholder public perspectives
and that any resulting treatments are relevant and acceptable.
For example, while memory decline may be considered to be a
typical part of aging (Fjell et al., 2014), developments of technologies to improve memory in the diseased brain may lead to a
market of interventions for enhancing what was once considered
‘‘normal’’ aging. The societal implications of pathologizing aging
would be significant, considering that aging is universally part of
the human experience.
Q2. What are the ethical standards of biological material
and data collection; how do local standards compare to
those of global collaborators?
In order to advance science and technology, a stated aim of
most of the national-level brain initiatives is the creation of large
data platforms to share knowledge and further collaborate
(Devor et al., 2013). Such platforms require the collection and
curation of large-scale data from both human and nonhuman
sources on multiple levels. Indicative of this push is the proposal
to create a massive data-sharing platform called the International Brain Station (http://www.kavlifoundation.org/kavli-news/
kavli-foundation-commends-establishment-international-braininitiative#.WpcHOIJG1Bw). The commitment of the nationallevel brain projects to the collaborative effort in the formation
of the International Brain Initiative (IBI) has buoyed support for
a project like the International Brain Station.
Data sharing raises a number of ethical and legal issues. Some
of these issues have already been acknowledged and continue
to be explored in other contexts (e.g., biobanking) and legislation
on data protection and privacy exists in many countries and regions (e.g., General Data Protection Regulation 2016/679 EU).
However, brain research and data sharing may raise issues not
identified yet, and not covered by existing regulations. Some
brain projects have begun to recommend protections and protocols given the sensitive nature of brain data. For example, the
HBP has begun to address issues specific to data sharing
within big science projects and has a number of resources on
their site (https://www.humanbrainproject.eu/en/social-ethicalreflective/ethics-support/data-protection/). In the Data Protection and Privacy opinion from the HBP, in reference to the
UNESCO report on respect for human vulnerability and integrity,
they state that ‘‘respect for persons requires acknowledging

people’s autonomy, i.e., their capacity to make decisions and
act on the basis of those decisions, and their integrity, i.e., the
inviolability of their bodily and psychological self’’ (Rose et al.,
2016, p. 7). Privacy and protections for biological material and
data collection are consistently valued as a means to achieving
autonomy or even as essential to human dignity. However, cultural perceptions of terms like autonomy and individual integrity,
and the overall well-being of a society (Nissenbaum, 2009), can
impact scientific practice and policies.
2a. How can human brain data (e.g., images, neural
recordings, etc.), and the privacy of participants from
whom data is acquired, be protected in case of
immediate or legacy use beyond the experiment?
fMRI studies have demonstrated that it is possible to crudely
reconstruct a set of images on which a participant has been
trained (Nishimoto et al., 2011). More recently, a proof-of-principle study indicated the feasbility of conducting an Internet image
search using a process of mentalizing the image (Naselaris et al.,
2015). Researchers have also established methods to predict
concepts and categories of words, and the word/number participants are imagining (Bauer and Just, 2017) with machine
learning algorithms and fMRI. More recently, this same group
has used this technique to identify suicidal ideation in youths
(Just et al., 2017).
While there is general appreciation that participants in studies
(and the public at large) have ‘‘privacy interests’’ that must be respected, the first ethical issue to address is how to conceptualize
privacy with regard to brain-based data. Is the information acquired from the brain revealing or stigmatizing in ways that are
unique compared to other bodily tissues or to psychological
research? What are the principles underlying the obligation to
respect privacy? These are questions that are motivated by the
science and require engagment by scientists, and these questions can be investigated with an ethicist or scholar with appropriate interdisciplinary expertise to achieve some resolutions
(Rose et al., 2016).
Further, whose privacy interest is at stake in the case of
data sharing? Will sharing human brain data entail unjustifiably
compromising the privacy interests of data donors? How can
human brain data be shared without impacting such privacy interests? Like genetic data, some brain data, even when de-identified, holds the potential for identification of the study participant. Were this to happen, has a re-identified person’s privacy
been violated?
The public has expressed some privacy concerns around neurotechnology (Jebari and Hansson, 2013) and the acquisition of
private information from neurotechnologies (Higashijima et al.,
2011). In brain computer interface (BCI) research, privacy concerns have been discussed in the context of how to offer appropriate informed consent (Klein and Ojemann, 2016). In the case
of increasingly large ‘‘big data’’ set analysis in neuroscience, it
may be the case that maintaining de-identification (i.e., stripping
information that will link data back to the individual) is no longer
possible (Choudhury et al., 2014). The more likely possibility with
large datasets or small numbers of initial participants is re-identification. In such cases, consent for participation in studies may
need to acknowledge these realities. Further, as data are being
shared into large-scale databases, and as we move toward
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broad consent for data re-use, it is likely that data will be subject
to additional uses beyond the initial study in which it was
collected. In those cases, what are the moral considerations
underlying the obligation to seek consent? Importantly, legacy
use may impact not only the individual who provided the brain
data, but also family members.
Even in the early stages of research, scientists can collaboratively ask—by engaging would-be consumers and neuroethicists—whether and how sharing human brain data can harm
groups of people even if the privacy interests of data donors
are not directly compromised. With regard to informed consent,
is consent as traditionally conceived in bioethics (consent from
the individual) applicable in this context? If not, how can one
improve on the notion of consent so that it is useful? On the
other hand, even when the risks to privacy violations may be
high, one must also weigh those harms against what harm
may come from withholding data; what harm may come from
anonymizing or de-identifying data? Of course, often neuroscience researchers do not make decisions about privacy and risk
in a vacuum. Human neuroscience studies funded by the BRAIN
Initiative exist within a framework of federal oversight that includes robust human subject protections bound both by regulation and policy. However, these oversight frameworks do not
divest researchers of the responsibility for considering these
issues on their own. Insights and experience of researchers
are critical to identifying hurdles in maintaining privacy or in
determining what realisticly can be kept de-identified in the
near and long-term.
Exploring these issues can be particularly complex when navigating a variety of cultural and historical contexts because of the
plurality of ways in which privacy may be defined, operationalized, and enforced (Miyashita, 2016; National Research Council,
2007). Variation in privacy policies not only reflects legal infrastructures, but also reinforces notions of self, trust, and liberty.
As we consider notions of privacy and how they relate to data
governance and reconciling differing governance and regulatory
frameworks, it would be valuable to consider why such protections, if any, are in place, what are mechanisms of enforcement,
and what precisely is meant by privacy rights. For example, in the
EU we see more significant privacy considerations in law, but
concerns for privacy revolved around preserving dignity of individuals (Whitman, 2004). In the US, both federal law (the Health
Insurance Portability and Accountability Act, or HIPAA) and the
4th, 5th, and 14th Amendments to the Constitution guarantee
and protect individual privacy in health-related contexts. Researchers collecting and using data must comply with HIPAA.
However, many communities have a history of valuing public interests over individual ones. In Japan, privacy was historically
viewed as selfish and to have privacy was to sacrifice community
values; this is changing with a relatively recent shift in the 1960s
to more focus on individual freedoms (Miyashita, 2011). As of
2002, a declaration of a ‘‘right to privacy’’ was introduced to Chinese Civil Code; however, the challenge in its implementation is
that in the Chinese written language privacy (隐私) was historically translated as ‘‘shameful secrets’’ (Farrall, 2008). Such historical community values around notions of privacy and conceptualization of the role of the brain in personhood can illuminate the
type and ways data are collected and stored, and how to begin
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conversations in navigating these shared and varied perspectives on permissibility of data collection and use.
2b. Should special regard be given to the brain tissue
and its donors due to the origin of the tissue and its past?
Many of the national brain projects involve innovative ways of
exploring the brain that will necessitate donations of human
brains, brain tissue, brain data, or nonhuman animal brains.
The creation of, acquisition of, and experimentation with these
materials will bring the research community to new frontiers of
permissibility and will likely present neuroscientists with the
need to defend the appropriateness of the research being
conducted.
The brain is a critical component in the development of human
memory and experience, and thereby can be considered to carry
the imprints of individual histories. It is unclear, however,
whether, brain tissue (parts or the whole organ including organoids and brain material subject to radical tissue preservation
procedures) should be viewed through the same moral lens as
tissues collected from other organs. The greater the insights
gained about the circuits and functioning systems of the brain,
the more may be gleaned about the donors and their pasts.
Even hippocampal preparations used to study memory formation may warrant special regard given that the electrical activity,
the very contents (such as memories) in the tissue itself, might be
considered by some to be intimately tied to the donor.
Many of the brain projects aspire to create and expand human
brain banks and brain donation. While no brain bank in the world
would likely consider itself to be in surplus, brain banks in many
countries in East Asia are particularly sparse. Human brain tissue
is seen by many scientists to be critical to better understanding
the unique intricacies of the brain. To this end, brain banks provide a valued service to the neuroscience community. Donated
human brains are a precious resource given both their scarcity
and the logistical challenges for acquiring and preserving the tissue. Because of these scientific challenges, brains ideally would
be collected locally (Graeber, 2008). Local collections highlight
the need to address the cultural and religious values of the public
who support this research, in order to negotiate and evaluate the
growth and sustainability of brain banks, and perhaps whether
brain banks might even be ethical (Yan et al., 2015). It is not an
uncommon belief that the brain is in some manner connected
to an individual’s consciousness or even the self. In some cultures with a legacy of Buddhist traditions, there can be concern
that removing a decedent’s brain from the body could interfere
with a peaceful transition after death (Yan et al., 2015). Furthermore, in societies with significant Confucian traditions it may
be difficult to acquire any tissues from donors because of beliefs
that a person’s body does not ultimately belong to them, but
rather to their parents. In this cultural orientation the potential
organ donor has an obligation to their parents to maintain
and preserve their bodily integrity (Fan, 1999). Collection and
preparation of brain systems, either studies in whole brains
or in proxies of parts and whole living brains, require ongoing
bi-directional discussion with would-be donors, their families,
ethicists, and scientists so that there can be shared awareness
of prevailing values and beliefs around tissue donations as well
as the realistic and evolving ethical uses of using these tissues
experimentally.
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Q3. What is the moral significance of neural systems that
are under development in neuroscience research
laboratories?
Several of the brain projects emphasize development of neurotechnologies that serve as proxies of human brain circuits,
such as human cerebral organoids, human/nonhuman chimeras,
and BCIs. This could also be extended to nonhuman models
such as purely computational models of the brain or nonhuman
animal brains genetically engineered to be more ‘‘human-like.’’
The human/nonhuman distinction becomes continually complicated with ongoing ethical and legal arguments pushing for
rights of ‘‘personhood’’ (Andrews et al., 2018; Greene et al.,
2005; Lavazza and Massimini, 2018) in nonhumans. As engineered neural circuits and systems become more complex,
they may outstrip the ability of the research community to fully
understand their new intrinsic abilities, leading perhaps to considerations of their moral status. What properties or functions
would need to be present in order to prompt consideration about
moral significance? There is a need to continually revisit whether
and how new technologies enable the research community to
assess these properties, i.e., unknown unknowns.
3a. What are the requisite or even minimum features of
engineered neural circuitry required to generate a
concern about moral significance?
Scientists may more deeply engage this question by considering
how the tissue was acquired and how new models could and
should be created. Given the critical role of the brain in human
experience, should brain tissue (parts or the whole organ, and
preparation of models such as induced pluripotent stem cellderived cerebral organoids) be viewed as morally different from
other organs? One simple exercise is for neuroscientists to ask
themselves what the public response to the research may be.
There is also a need to recognize that the socially accepted
bounds today may change, or need to be revisited, as the science develops. Further, when considering engineered entities
(e.g., manipulations to non-human animals, or even in some instances AI), what are the requisite or even minimum features
that might trouble notions of personhood (Aach et al., 2017)?
The utility of using AI to interface with medical tools and
devices is being increasingly demonstrated (Hainc et al., 2017);
AI has been used with closed-loop BCIs to enhance memory
(Ezzyat et al., 2018), and to faciliate movement (Orsborn et al.,
2014), with the aims of making BCIs more accurate, adaptable,
and convenient. One can anticipate a growing set of ethical issues as research on intelligent and socially assistive robots continues to advance, especially since these are a targets of several
of the brain projects based in East Asia (Jeong et al., 2016;
Okano et al., 2016; Poo et al., 2016). These robots have developed in divergent ways that reflect the values and concerns of
their engineers, illustrating a divide in the field. There is a community of scientists who argue that robots must not look humanlike until their intelligence can match that of humans (Darling,
2017). In parallel, leading researchers in Korea and Japan have
created some of the most human-like socially interactive robots
to date. Reports have suggested cultural differences: some
Japanese publics have a stronger desire for humanoid robots
over other forms of AI than some US publics (Sugiyama et al.,
2017); Japan even houses the first all-robot run hotel in Japan

(Henn-na Hotel, roughly translated as ‘‘weird’’ hotel) run by humanoid to dinosaur-form robots (Osawa et al., 2017). The global
market for socially assistive robots for a world-wide growing
aging population will bring further urgency to addressing these
engineering and ethical divides over what we can create and
how we should interact with these new technologies.
3b. Are the ethical standards for research conduct
adequate and appropriate for the evolving
methodologies and brain models?
There is value and there are translational limits when applying
nonhuman animal research to humans (Hyman, 2012; Pankevich
et al., 2014). Still, the (living/in vivo) brains of NHPs often represent the closest approximation of human brains (and behavior)
available today. The advent of the genetically modified monkey
model of autism and ‘‘autism-like behaviors’’ foregrounds the
ethical question of whether the potential benefits justify creating
human brain diseases and neurobehavioral states in nonhuman
animal models (Liu et al., 2016; Neuhaus, 2018). If the nonhuman
animal is ‘‘human enough’’ to model traits that seem so uniquely
human, do they deserve the rights and protections afforded to
humans in research? If the grounds for experimenting on these
animals derive from the fact that they have a brain similar to
ours, and the brain is the organ often considered to distinguish
humans from other animals imbuing humans with their dignity,
then to what degree ought we set limits on experimentation in
these animals? Perhaps a greater concern is the possibility
that researchers may be able to introduce capacities such as
cognitive or emotional abilities that would further blur the line between the human and the nonhuman (Greely, 2011). A discussion of the blurring boundaries of personhood, especially with
insights from engineering neural circuits, raises questions as to
how new discoveries in neuroscience might alter our perceptions of the nonhumans that we use in research. To be clear,
in general, the use of animals and data derived from nonhuman
animal studies receives regulatory attention and there are
already numerous mechanisms in place for oversight of
nonhuman animal research. However, with brain research, engineering, and modification, there may be a need to take into account special ethical considerations as new considerations for
animal welfare may arise. Might we need a separate category
of regulation for nonhuman animals engineered to have more
human-like characteristics? Do we need to rethink the human/
nonhuman distinction in research ethics as neuroscience methodologies evolve?
Given the explicit interest among these national brain projects
for data sharing, how can researchers reconcile the differences
in regulatory and welfare standards and perspectives about
what traits might afford changes in ‘‘moral status’’ in the organism of study among a plurality of national values and standards?
As stated above, NHP research is now a focus of some projects
in East Asia (Okano et al., 2016; Poo et al., 2016) while
this research is increasingly controversial among US (Funk and
Rainie, 2015) and European (European Commission, 2010) publics. The sharing of brain data between countries that hold
different ethical stances on what is considered appropriate animal experimentation raises additional questions. Should a country accept or use data collected elsewhere in a fashion that is not
considered locally ethical? How would this be operationalized in
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large global brain initiatives such as the HBP or other large datasharing platforms for neuroscience?
Regulation often reflects the complexity of religious, social,
and politicial realities. In the proceedings of an international
meeting held by the National Research Council about animal
research in a global environment, one of the Chinese speakers
advocated for a personal connection (for non-Chinese collaborators) to understand the people behind the research: ‘‘I would like
to offer a few additional suggestions for those planning to work
with Chinese entities. The first is that it is important to spend
more time going to China, and not just for site visits. It is important to spend time with the people who work there’’ (ILAR, 2008).
Even when researchers have the training, expertise, resources, and desire to accommodate foreign standards for
nonhuman animal research, their research is conducted within
a complicated political backdrop of competing public values
(ILAR, 2008) that intersect with broader questions about equity
and resource allocation. Quoting from a Cell commentary,
‘‘There are 135 million Chinese living on less than $1 a day, which
the World Bank defines as abject poverty. In comparison, ‘monkeys listen to music, have toys to play with and drink purified
water’’’ (Hao, 2007, p. 1035). This is not to suggest that the
standards of NHP work is inappropriate, but to state that broader
issues about equity and resource allocation can also impact
local public support of science. Deeper exploration of the values
underlying the regulations and discussions about overarching
issues of equity and resource allocation can lead to more fruitful
dialogs on shared views, goals, and best practices for scientific
collaborations.
Q4. How could brain interventions impact or reduce
autonomy?
Many of the national brain projects aim to better understand and
intervene on brain function. This section is concerned with the
use of neural interventions that have the capacity to modify a
participant’s personality, affective states, cognition, behavior,
autonomy, agency, and other significant effects (Ineichen and
Christen, 2015). Some interventions are explicitly designed to
change affective states such as deep brain stimulation for
depression. How and to what extent the brain is considered
related to or responsible for these features of human experience
is an important cross-cultural consideration.
4a. What measures can be in place to ensure optimal
autonomy and agency for participants/users?
The answer requires conceptually unpacking the notions of
‘‘agency’’ and ‘‘autonomy.’’ What comprises an ‘‘agent’’ who is
able to freely, of their own volition, choose to act in this world?
A large body of neuroscience research has focused on mechanisms of volition (Montague, 2007), decision-making, and study
of how conscious intention and will, or lack thereof, can translate
into action (Lavazza, 2016). As new devices and brain interventions are engineered, how can they empower users particularly
given that some of these devices might be able to bypass
conscious participation such as with an implanted brain stimulation device? A precedent for greater user control can be found
with deep brain stimulation, which allows users to turn stimulation off during sleep in order to preserve battery life. On the other
hand, some have argued that giving users control of their devices
could potentially lead to harm to themselves and others should
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the device malfunction (Brown et al., 2016). Data collected
from public participants as well as individuals who have brain
computer interfaces reveal complicated interpretations of how
the brain might be involved with their free will in degree and
kind (Nahmias et al., 2014), and how brain devices might interfere
with their sense of being the authors of their own actions (Klein
et al., 2016). How to conceive agency, autonomy, self, and
even responsibility as they relate to the brain is far from universally agreed upon within and across the communities in which
these brain research projects are occurring (Descartes, 1985;
Gillihan and Farah, 2005; Kitayama and Park, 2010; Nisbett
and Miyamoto, 2005; Sakura, 2012; Vidal, 2009; Yang and Miller,
2015; Yu, 2009). In some cultures, autonomy may be considered
a collective, rather than an individual capacity. Examples of collective autonomy in healthcare decision-making are evident in
the common practice in some cultures of delivering diagnoses
of terminal diseases to the head of the family rather than the patient, wherein the family—rather than the patient—will make decisions about interventions for the patient (Tai and Lin, 2001).
Designing these interventions will require careful consideration
of the most appropriate balance of user control, involving discussion as a team of scientists, ethicists, patients, and families.
How can the user be empowered while keeping them physically
and psychologically safe? This evaluation will also necessarily
involve conceptual views of weighing the role of the brain
in free will, personhood, and responsibility (see discussion in
Culturally Informed and Aware Neuroethics: An Integrated
Approach?).
4b. Who will have responsibility for effects (where
responsibility has broad meaning encompassing legal,
economic, and social contexts) of brain interventions?
To a large extent, legal responsibility depends on local legal, regulatory, and policy frameworks. However, laws and regulation
are meant to reflect public values and, over time, can cease to
keep pace with evolving public perspectives and moral beliefs.
As such, moral responsibility is much more complex and involves cultural and societal notions about approriate action, intentions, and character. Underlying all views of responsibility is
the assumption that those responsible have some sense and
ability to exert control, which, as indicated above, neural devices
potentially undermine. An added complexity is how one might
experience the integration of one’s self with a neural device
when one’s decision making and actions involve a neural device,
and the boundaries of where the device and person begin and
end are blurry. Further, in some cultures, ascribing responsibility
to the participant as an individual may be less important than
identifying the relational, environmental, and social conditions
that led to an inappropriate behavior.
Mention of neuroscience in US courts has doubled from 2005
to 2012 (Farahany, 2016), reflecting public perceptions of the
utility of using the brain as a way to assess agency, autonomy,
and ultimate reponsibility. By contrast, in a preliminary study of
a 1,000-person sample of the Taiwanese public, Wu found that
knowledge of a brain disease or abnormality would not change
the responsibility attribution for criminal acts, particularly for
those individuals who professed Confucian beliefs (Wu, 2015).
It remains to be seen how brain interventions might or might
not shift the public’s view of responsibility.

Neuron

Perspective
Q5. In which contexts might a neuroscientific
technology/innovation be used or deployed?
As is often the case with new technologies, many of those under
the auspices of these national brain initiatives will have applications beyond the research agenda that was initially pursued. In
neuroscience, technologies developed for medical use have
potential uses in national defense, and the transfer of medical
technologies to the commercial or legal domains are realities to
be expected. While some of the brain projects, like the US BRAIN
Initiative, have partners with entities dedicated to national security, such collaboration is prima facie avoided by the HBP. The European Commission classifies dual-use goods, products, and
technologies as those ‘‘normally used for civilian purposes, but
which may have military applications’’ (European Commission,
2010), and the rules for the EU’s Horizon 2020 (under which the
HBP is sponsored) state that research must have solely civilian
applications
(http://ec.europa.eu/research/participants/data/
ref/h2020/other/hi/guide_research-civil-apps_en.pdf). However,
this in itself does not rule out collaboration with defense-related
organizations insofar as the goal is to focus on civilian applications. In addition, the open data policy of the HBP, and its
commitment to creating large integrated platforms of information
for broader use, in practical terms may limit a project’s ability to
prevent undesirable uses of its research. Thus, the Ethics and
Society subproject undertook research to analyze not only the
ethical and philosophical implications of the relevant research,
but also the strengths, weaknesses, and ambiguities of existing
definitions of dual use to produce a forthcoming recommendation
to the HBP.
Driven by both private industry and the do-it-yourself community, there has also been a proliferation of wellness and enhancement applications (Fitz and Reiner, 2015) of tools that originated
in the neuroscience research and medical space. There are
genuine strengths in public-private partnerships given the financial resources and speed at which research and translation can
occur. The complicated reality is that neuroscience innovations
will not be used solely for clinical purposes, which makes
the risk-to-benefit calculation less obvious.The sale and promotion of neurotechnological devices to enhance cognition and
behavior often fall between the cracks of many existing medical
regulatory systems, as the devices are not claimed to treat a
medical condition. The requirement to demonstrate the effectiveness of commercial devices is largely absent in most regulatory frameworks (Riggall et al., 2015; Wexler, 2015). With the
global brain projects alone, the scientific research community
spans four continents; therefore, it is necessary to ask how
both our local and broader communities respond to these potential multiple uses of these technologies. Scientists, as stewards
of their work, should therefore consider and anticipate the potential impact of using technologies in non-clinical contexts, and
engage with the public on these issues. This, of course, is an
exercise that can and should involve partnership with an interdisciplinary team including sociologists and ethicists.
5a. Which applications might be considered misuse or
best uses beyond the laboratory?
Part of scientific stewardship should include maintaining
vigilance about the applications on the horizon and scientists
are often best positioned to anticipate applications of their

work. This mandate is not meant to forestall innovation or
constrain academic freedom for scientists, but rather a call to
be mindful of the shifting landscape of the scientific enterprise insofar as it is shaped by human and social values. One initial way
to approach this task is for scientists to ask themselves why the
public might consider them responsible for potential misuses of
these technologies. What potential uses of the technology could
raise societal concerns and why? Could the research enable
technology that could be deployed in a problematic way? In
particular, in a competitive funding environment it is important
to give careful thought to the funder’s role in determining intentional or unexpected misuse from the beginning. Consider calls
for research exploring memory or cognitive enhancement.
Memory enhancement in a military setting might be desirable
for minimizing injuries in war. However, memory enhancement
technologies in a commercial setting might create undue implicit
coercion of individuals in the civilian environment to aspire
to a ‘‘new normal’’ of enhanced ability (Hyman, 2011). While
‘‘academic enhancement’’ is the goal of many interventions,
such as private schooling and academic coaching that give individuals with the necessary resources an advantage, the question
is whether direct neural interventions are unique or exceptional in
their abilty to enhance cognition or performance, and in their
risks to users. There is a dearth of information on the long-term
effects of non-medical use of these brain interventions.
The locations and sites for development of technologies will be
influenced by the local values of the people and publics supporting that work. For instance, some stated reservations about
enhancement often revolve around maintaining authenticity,
i.e., reflecting a priority to preserve one’s individual identity
(Schelle et al., 2014). Preliminary studies in China, however, suggest that student’s top concerns regarding cognitive enhancement tend to revolve around fairness with the lowest ranking
concern being around preserving identity or violations of autonomy (Lan, 2015). These studies reflect what concerns are
weighed in the risk-benefit analysis of such technologies and
how they may vary across cultures. There is also a repeated trend
in European regulations in health and science of adopting a precautionary, better safe than sorry approach (European Commission, 2017). Conventional belief in some regulatory circles is that
the EU can be characterized as taking a more precautionary
approach whereas the US takes a more proactive approach
(ie., innovate in the absence of provable harm) with regard to
risk evaluation (Wiener and Roger, 2002). Regardless, once the
research is completed and published, it may matter less where
the science originally was conducted as the data and their
attendant products could be used by anyone who has access
to the publications. As such, an anticipatory approach, including
ongoing dialog between multiple stakeholders, is needed as part
and parcel of neuroscience innovation.
5b. Does this research raise different and unique equity
concerns and, if so, have equitable access and benefit of
stakeholders been considered?
Under this question, scientists can start by asking whether their
work, compared to other kinds of biomedical science, is able
to modify foundational human capacities, and therefore raises
unique ethical concerns. We have already seen a proliferation
of ‘‘neuro-enhancement’’ technologies originally designed and
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researched for therapeutic reasons that have been adopted by
consumer industries such as tDCS (Wexler, 2015) and off-label
use of ‘‘smart drugs’’ by students, academics, and others (Farah
et al., 2004). Concerns about the use of cognitive enhancement
circle around medical safety, coercion, and fairness (Schelle
et al., 2014). Studies exploring public opinions on the use, applications, and ethical stances on the use of brain interventions
have largely been limited to Western cultures while there is a
notable paucity of studies representing East Asian populations.
This lack of research may in part be due to lower popularity
and knowledge of cognitive enhancement in East Asia compared
to those in Europe and the US. That said, the South Korean Ministry of Food and Drug safety issued a warning in fall 2017 about
the misuse of ADHD-related drugs for the purposes of cognitive
enhancement, and one study demonstrated a seasonal trend
in South Korea in prescribing ADHD medications that may cooccur during exam periods (Song and Shin, 2016).
Generally in studies of cognitive enhancement practices, physical safety and harm are leading concerns; further concerns
include how coercion could impact the freedom to decide about
one’s life (Schelle et al., 2014). A preliminary study of a Taiwanese
public population exploring the impact of Confucian belief systems on opinions about enhancement indicates that the gravest
ethical concerns revolve around notions of violation of nature
and disrespecting the gifts passed down through ancestors at
birth (Wu, 2016). These data point to how ethical acceptability
and attendant concerns of enhancement technologies could
impact their development and ultimate clinical and consumer
bases. Engaging the public will be critical in deliberating on
what constitutes public benefit and public harm as neuroscience
innovation leaves the walls of the laboratory and the clinic. Part of
this work can be carried out with formal empirical research, and
part of this work can be achieved through outreach and public forums. Stakeholder engagement can occur alongside technology
development as has been demonstrated with the HBP through
their collaborations with the Danish Board of Technology
(http://hbp.tekno.dk/). Public understanding of and engagement
with science, as has been substantively shown, vary enormously
across and within countries, and are strongly influenced by
access to resources and education (Bauer et al., 2012).
Conclusion and A Way Forward
The five central issues and related questions we identified with
the presented NeQNs suggest that developing a more global
and culturally aware neuroethics framework will need to include
three aspects.
Greater Inclusivity
The goal of the Global Neuroethics Summit (GNS) is to begin an
inclusive conversation regarding cultures and stakeholders in
neuroethics. Initial GNS conversations are focused on the existing or in-development large-scale neuroscience research projects. As we move forward we expect that a more directed effort
within the national brain projects will make the task of resourcing
and implementing initially more manageable and help establish a
stronger foundation for cross-cultural neuroethics. Long-term
goals include a conversation beyond the scope of the brain projects, and in so doing, greater representation of a more diverse
range of perspectives and stakeholders. To that end, we antici-
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pate future meetings that include representatives from developing countries where some of this research is or could be conducted, as well as engaging partners beyond the government
sector. These conversations will necessarily involve cultural
scholars who can communicate unique and shared cultural perspectives on brain health, the brain, and its relationship to constructions of mind in particular. Engaging broader issues of
equity, resource allocation, and distributive justice will be critical
to future conversations as well.
Education
Neuroethics is a rapidly growing new field, just over a decade
old, and there are still few formal neuroethics teaching resources. While both students and faculty engaged in neuroscience research have reported a desire for neuroethics training
(Kehagia et al., 2012; Lombera et al., 2010; Sahakian and Morein-Zamir, 2009), US federal mandates for Responsible Conduct
of Research ethics training for scientists and engineers, for
example, are still relatively new and emphasize research ethics,
rather than neuroethics (HHS, 1999; National Science Foundation, 2009). Many current faculty members have received little
to no formalized training in ethics, much less training in neuroethics. The Australia Brain Alliance, the EU’s Human Brain Project, and the US BRAIN Initiative have established neuroethics
components that work to raise awareness and advance research
of neuroethical issues with the researchers funded by their
respective governments. The Korea Brain Initiative plans to
formally integrate neuroethics education into neuroscientist
training. Future work within the national brain projects will determine what formal neuroethics training resources will need to be
developed. Importantly, neuroethics education should include
raising awareness of shared and differing values across cultures
and allow for critical engagement. Engagement with diverse
stakeholders, particularly with representatives from developing
countries, will be critical to achieving this goal.
Policy and Public Communication
Building a culturally aware neuroethics and neuroscience community will need to include engagement with understanding cultural and moral values and how to manage the tensions that will
arise across transnational regulatory networks, especially when
competing values and commitments are present. In one ideal
form, policy reflects the will of the people, but not all nations share
this ideal or implement it to the same degree. Moreover, even in
countries that are governed by a system that prioritizes democratic ideals, the will and preference of the public will be determined in part by what they understand about science. That
said, the public is not an empty vessel, nor are they entirely uninformed about science, and such a ‘‘deficit model’’ of communication has been recognized as unfruitful when engaging the public
(Brown, 2009). Instead, a commitment to designing robust dialog
and exchange between scientists and the publics they engage is
needed. It is important to recognize that communication of science is an enormous challenge and its own rich area of research
(Berg and Lidskog, 2018; Dietz, 2013; Illes et al., 2010). We aim to
deepen these ongoing discussions and merge these efforts with
scholarly and empirical studies to assess stakeholder views with
a cultural analysis of existing guidelines.
As the horizon of what is known about the human brain and
behavior expands, so grows the worldwide impact of
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neuroscience findings on health and healthcare, legal systems,
national security, and consumer domains. Neuroethical concerns are fundamentally concerns about how neuroscience is
designed and conducted and how neuroscience findings can
be interpreted and translated into the lives of individuals acting
in societies. Neuroethics is not only a reaction to rapidly evolving
discoveries; it is also a driver of ethical innovation interwoven throughout neuroscience research and its translations.
As such, neuroethics can be an essential tool for responsible
research and enhancing neuroscience by serving in a horizonscanning function, anticipating and addressing the ethical roadblocks ahead and facilitating discussions about ethical goals for
neuroscience. Ultimately, this can help advance and accelerate
an ethically tenable globalized neuroscience.
Our group is now working collaboratively with and supporting
the development of the International Brain Initiative (Kavli Foundation, 2017). Building a culturally aware neuroethics community
that prioritizes equitable representation of national interests and
perspectives can have immediate real-world impact on neuroscience research and policy at the global level. Implementation
of these questions within the individual brain projects will be
the subject of our next Global Neuroethics Summit in fall 2018.
SUPPLEMENTAL INFORMATION
Supplemental Information includes one table and delegate affiliations and
can be found with this article online at https://doi.org/10.1016/j.neuron.2018.
09.021.
CONSORTIA
The Global Neuroethics Summit Delegates are Jordan Amadio, Guo-Qiang Bi,
Paul Frederick Boshears, Adrian Carter, Anna Devor, Kenji Doya, Hermann
Garden, Judy Illes, L. Syd M. Johnson, Lyric Jorgenson, Bang-Ook Jun, Inyoung
Lee, Patricia Michie, Tsuyoshi Miyakawa, Eisuke Nakazawa, Osamu Sakura,
Hagop Sarkissian, Laura Specker Sullivan, Stepheni Uh, David Winickoff, Paul
Root Wolpe, Kevin Chien-Chang Wu, Akira Yasamura, and Jialin C. Zheng.
ACKNOWLEDGMENTS
The Global Neuroethics Summit was made possible with the generous support
of the Kavli Foundation, the Korea Brain Research Institute (Brain Research
Policy Center Operation Program), Daegu City, and the Ministry of Science
and ICT of Korea. We thank Jamila Garrett-Bell (Project Manager of GNS),
Sol Lee (Assistant Manager of GNS), Hyunjung Kim, and Stepheni Uh for their
administrative leadership and support of the meeting. We are also grateful for
the insightful comments from the peer reviewers. A.S. receives funding from
the European Union’s Horizon 2020 Framework Programme for Research
and Innovation under the Specific Grant Agreement No. 785907 (Human Brain
Project SGA2). I.S. acknowleges a funder and participant of the 2016 meeting,
Our Brain, Ourselves, Our World (http://o3brain.org/), and the funders of that
meeting, the Wellcome Trust and the Gatsby Foundation; some of the o3brain
meeting format inspired GNS. A.C. is supported by an Australian National
Health and Medical Research Council Career Development Fellowship (ID:
APP1123311). K.D. was funded by KAKENHI Grant 16K21738 from the
Ministry of Education, Culture, Sports, Science and Technology (MEXT); J.I.
is funded as the Canada Research Chair in Neuroethics.
REFERENCES
Aach, J., Lunshof, J., Iyer, E., and Church, G.M. (2017). Correction: Addressing
the ethical issues raised by synthetic human entities with embryo-like features.
eLife 6, 6.
Abi-Rached, J.M. (2008). The implications of the new brain sciences. The
‘Decade of the Brain’ is over but its effects are now becoming visible as neuro-

politics and neuroethics, and in the emergence of neuroeconomies. EMBO
Rep. 9, 1158–1162.
Amunts, K., Ebell, C., Muller, J., Telefont, M., Knoll, A., and Lippert, T. (2016).
The Human Brain Project: creating a European research infrastructure to
decode the human brain. Neuron 92, 574–581.
Andrews, K., Comstock, G.L., Crozier, G.K.D., Donaldson, S., Fenton, A.,
John, T.M., Johnson, L.S.M., Jones, R.C., Kymlicka, W., Meynell, L., et al.
(2018). Chimpanzee Rights: The Philosophers’ Brief (Routledge).
Arias, J.J., Sarrett, J.C., Gonzalez, R., and Walker, E.F. (2018). The ethics of
prodromal and preclinical disease stages. In The Routledge Handbook of Neuroethics, L. Johnson and K.S. Rommelfanger, eds. (Routledge).
Asai, A., Kadooka, Y., and Aizawa, K. (2012). Arguments against promoting
organ transplants from brain-dead donors, and views of contemporary Japanese on life and death. Bioethics 26, 215–223.
Aspinwall, L.G., Brown, T.R., and Tabery, J. (2012). The double-edged sword:
does biomechanism increase or decrease judges’ sentencing of psychopaths? Science 337, 846–849.
Bauer, A.J., and Just, M.A. (2017). A brain-based account of ‘‘basic-level’’ concepts. Neuroimage 161, 196–205.
Bauer, M.W., Shukla, R., and Allum, N. (2012). The Culture of Science: How
the Public Relates to Science across the Globe, First Edition (London, UK:
Routledge).
Berg, M., and Lidskog, R. (2018). Deliberative democracy meets democratised
science: a deliberative systems approach to global environmental governance. Env. Polit. 27, 1–20.
Bird, S.J. (2012). Potential for bias in the context of neuroethics. Commentary
on ‘‘Neuroscience, neuropolitics and neuroethics: the complex case of crime,
deception and fMRI’’. Sci. Eng. Ethics 18, 593–600.
Brosnan, C. (2011). The sociology of neuroethics: expectational discourses
and the rise of a new discipline. Sociol. Compass 5, 287–297.
Brown, S. (2009). The new deficit model. Nat. Nanotechnol. 4, 609–611.
Brown, T., Moore, P., Herron, J., Thompson, M., Bonaci, T., Chizeck, H., and
Goering, S. (2016). Personal responsibility in the age of user-controlled neuroprosthetics. 2016 IEEE International Symposium on Ethics in Engineering. Science and Technology.
Burton, O.R. (2007). Why bioethics cannot figure out what to do with race. Am.
J. Bioeth. 7, 6–12.
Chattopadhyay, S., and De Vries, R. (2008). Bioethical concerns are global,
bioethics is Western. Eubios J. Asian Int. Bioeth. 18, 106–109.
Chattopadhyay, S., and De Vries, R. (2013). Respect for cultural diversity in
bioethics is an ethical imperative. Med. Health Care Philos. 16, 639–645.
Check, E. (2007). Cloning special: Dolly: a hard act to follow. Nature 445, 802.
Chen, X., and Fan, R. (2010). The family and harmonious medical decision
making: cherishing an appropriate Confucian moral balance. J. Med. Philos.
35, 573–586.
Chen, S.X., and Mak, W.W. (2008). Seeking professional help: etiology beliefs
about mental illness across cultures. J. Couns. Psychol. 55, 442–450.
Chiong, W., Leonard, M.K., and Chang, E.F. (2018). Neurosurgical patients as
human research subjects: ethical considerations in intracranial electrophysiology research. Neurosurgery 83, 29–37.
Choudhury, S., Nagel, S.K., and Slaby, J. (2009). Critical neuroscience: linking
neuroscience and society through critical practice. Biosocieties 4, 61–77.
Choudhury, S., Fishman, J.R., McGowan, M.L., and Juengst, E.T. (2014). Big
data, open science and the brain: lessons learned from genomics. Front. Hum.
Neurosci. 8, 239.
Darling, K. (2017). ‘‘Who’s Johnny?’’ Anthropomorphic framing in human–
robot interaction, integration, and policy. In Robot Ethics 20 (Oxford University
Press).

Neuron 100, October 10, 2018 33

Neuron

Perspective
De Vries, R. (2005). Framing neuroethics: a sociological assessment of the
neuroethical imagination. Am. J. Bioeth. 5, 25–27, discussion W3-4.
Descartes, R. (1985). The Philosophical Writings of Descartes (Cambridge University Press).
Devor, A., Bandettini, P.A., Boas, D.A., Bower, J.M., Buxton, R.B., Cohen,
L.B., Dale, A.M., Einevoll, G.T., Fox, P.T., Franceschini, M.A., et al. (2013).
The challenge of connecting the dots in the B.R.A.I.N. Neuron 80, 270–274.

Greene, M., Schill, K., Takahashi, S., Bateman-House, A., Beauchamp, T.,
Bok, H., Cheney, D., Coyle, J., Deacon, T., Dennett, D., et al. (2005). Ethics:
moral issues of human-non-human primate neural grafting. Science 309,
385–386.
Grillner, S., Ip, N., Koch, C., Koroshetz, W., Okano, H., Polachek, M., Poo,
M.M., and Sejnowski, T.J. (2016). Worldwide initiatives to advance brain
research. Nat. Neurosci. 19, 1118–1122.

Dietz, T. (2013). Bringing values and deliberation to science communication.
Proc. Natl. Acad. Sci. USA 110 (Suppl 3 ), 14081–14087.

Hainc, N., Federau, C., Stieltjes, B., Blatow, M., Bink, A., and Stippich, C.
(2017). The bright, artificial intelligence-augmented future of neuroimaging
reading. Front. Neurol. 8, 489.

Eric, R., and Matthew, S. (2017). The competing identities of neuroethics. The
Routledge Handbook of Neuroethics (Routledge).

Hao, X. (2007). Monkey research in China: developing a natural resource. Cell
129, 1033–1036.

European Commission (2010). Eurobarometer: science and technology report,
pp. 60-64, http://ec.europa.eu/commfrontoffice/publicopinion/archives/ebs/
ebs_340_en.pdf.

Harding, S. (2005). Rethinking standpoint epistemology: what is ‘‘strong objectivity?’’. In Feminist Theory: A Philosophical Anthology, A.E. Cudd and R.O.
Andreasen, eds. (Oxford: Blackwell Publishing), pp. 218–236.

European Commission (2017). Future brief: the precautionary principle: decision-making under uncertainty. In Science for Environment Policy (European
Commission’s Directorate - General Environment).
Evers, K. (2016). The contribution of neuroethics to international brain initiatives. Nat. Rev. Neurosci. 18, 1–2.
Evers, K., Salles, A., and Farisco, M. (2017). Theoretical framing of neuroethics:
the need for a conceptual approach. In Debates About Neuroethics (Springer),
pp. 89–107.
Ezzyat, Y., Wanda, P.A., Levy, D.F., Kadel, A., Aka, A., Pedisich, I., Sperling,
M.R., Sharan, A.D., Lega, B.C., Burks, A., et al. (2018). Closed-loop stimulation
of temporal cortex rescues functional networks and improves memory. Nat.
Commun. 9, 365.

Heffernan, O. (2010). ‘Climategate’ scientist speaks out. Nature 463, 860.
HHS (1999). Public Health Service, Policy on Instruction in Responsible
Conduct in Research (U.S. Department of Health and Human Services).
Higashijima, J., Takahashi, K., and Kato, K. (2011). Ethical and social concerns: opinions of Japanese life-science researchers on developments in the
science of mind and behavior. East Asian science, technology and society.
Int. J. 5, 359–374.
Huang, Z.J., and Luo, L. (2015). Neuroscience. It takes the world to understand
the brain. Science 350, 42–44.
Hyman, S.E. (2011). Cognitive enhancement: promises and perils. Neuron 69,
595–598.
Hyman, S.E. (2012). Revolution stalled. Sci. Transl. Med. 4, 155cm11.

Fan, R. (1999). Confucian Bioethics (Kluwer Academic Publishers).
Farah, M.J., Illes, J., Cook-Deegan, R., Gardner, H., Kandel, E., King, P., Parens, E., Sahakian, B., and Wolpe, P.R. (2004). Neurocognitive enhancement:
what can we do and what should we do? Nat. Rev. Neurosci. 5, 421–425.
Farahany, N.A. (2016). Neuroscience and behavioral genetics in US criminal
law: an empirical analysis. J. Law Biosci. 2, 485–509.
Farrall, K.N. (2008). Global privacy in flux: illuminating privacy across cultures
in China and the U.S. Int. J. Commun. 2, 993–1030.
Fitz, N.S., and Reiner, P.B. (2015). The challenge of crafting policy for do-ityourself brain stimulation. J. Med. Ethics 41, 410–412.
Fjell, A.M., McEvoy, L., Holland, D., Dale, A.M., and Walhovd, K.B.; Alzheimer’s Disease Neuroimaging Initiative (2014). What is normal in normal aging? Effects of aging, amyloid and Alzheimer’s disease on the cerebral cortex
and the hippocampus. Prog. Neurobiol. 117, 20–40.
Funk, C., and Rainie, L. (2015). Public and scientists’ views on science and
society, http://www.pewinternet.org/2015/01/29/public-and-scientists-viewson-science-and-society/.
Garden, H., and Winickoff, D. (2018). Issues in neurotechnology governance.
https://doi.org/10.1787/c3256cc6-en.
Gillihan, S.J., and Farah, M.J. (2005). Is self special? A critical review of evidence from experimental psychology and cognitive neuroscience. Psychol.
Bull. 131, 76–97.
Goering, S. (2018). Thinking differently: neurodiversity and neural engineering.
In Handbook of Neuroethics, L. Johnson and K.S. Rommelfanger, eds. (Routledge), pp. 37–50.
Goldschmidt, R., and Renn, O. (2006). Meeting of Minds – European Citizens’
Deliberation on Brain Sciences: Final Report of the External Evaluation
(Universitat Stuttgart).
Graeber, M.B. (2008). Twenty-first century brain banking: at the crossroads.
Acta Neuropathol. 115, 493–496.
Greely, H.T. (2011). Human/Nonhuman Chimeras: Assessing the Issues
(Oxford University Press).

34 Neuron 100, October 10, 2018

ILAR (2008). Animal research in a global environment: meeting the challenges.
Proceedings of the November 2008 International Workshop (National
Research Council Institute for Laboratory Animal Research).
Illes, J., Moser, M.A., McCormick, J.B., Racine, E., Blakeslee, S., Caplan, A.,
Hayden, E.C., Ingram, J., Lohwater, T., McKnight, P., et al. (2010). Neurotalk:
improving the communication of neuroscience research. Nat. Rev. Neurosci.
11, 61–69.
Ineichen, C., and Christen, M. (2015). Analyzing 7000 texts on deep brain
stimulation: what do they tell us? Front. Integr. Nuerosci. 9, 52.
Jaarsma, P., and Welin, S. (2012). Autism as a natural human variation:
reflections on the claims of the neurodiversity movement. Health Care Anal.
20, 20–30.
Jebari, K., and Hansson, S.O. (2013). European public deliberation on brain
machine interface technology: five convergence seminars. Sci. Eng. Ethics
19, 1071–1086.
Jeong, S.J., Lee, H., Hur, E.M., Choe, Y., Koo, J.W., Rah, J.C., Lee, K.J., Lim,
H.H., Sun, W., Moon, C., and Kim, K. (2016). Korea Brain Initiative: integration
and control of brain functions. Neuron 92, 607–611.
Jorgenson, L.A., Newsome, W.T., Anderson, D.J., Bargmann, C.I., Brown,
E.N., Deisseroth, K., Donoghue, J.P., Hudson, K.L., Ling, G.S., MacLeish,
P.R., et al. (2015). The BRAIN Initiative: developing technology to catalyse
neuroscience discovery. Philos. Trans. R. Soc. Lond. B Biol. Sci. 370,
https://doi.org/10.1098/rstb.2014.0164.
Just, M.A., Pan, L., Cherkassky, V.L., McMakin, D., Cha, C., Nock, M.K., and
Brent, D. (2017). Machine learning of neural representations of suicide and
emotion concepts identifies suicidal youth. Nat. Hum. Behav. 1, 911–919.
Kavli Foundation (2017). International Brain
kavlifoundation.org/international-brain-initiative.

Initiative,

http://www.

Kehagia, A.A., Tairyan, K., Federico, C., Glover, G.H., and Illes, J. (2012). More
education, less administration: reflections of neuroimagers’ attitudes to ethics
through the qualitative looking glass. Sci. Eng. Ethics 18, 775–788.
Kitayama, S., and Park, J. (2010). Cultural neuroscience of the self: understanding the social grounding of the brain. Soc. Cogn. Affect. Neurosci. 5,
111–129.

Neuron

Perspective
Klein, E., and Ojemann, J. (2016). Informed consent in implantable BCI
research: identification of research risks and recommendations for development of best practices. J. Neural Eng. 13, 043001.
Klein, E., Goering, S., Gagne, J., Shea, C.V., Franklin, R., Zorowitz, S., Dougherty, D.D., and Widge, A.S. (2016). Brain-computer interface-based control of
closed-loop brain stimulation: attitudes and ethical considerations. BrainComputer Interfaces 3, 140–148.
Kleinman, A., and Mechanic, D. (1981). Mental illness and psychosocial
aspects of medical problems in China. In Normal and Abnormal Behavior in
Chinese Culture, A. Kleinman and T.-Y. Lin, eds. (Springer Netherlands),
pp. 331–356.
Kvaale, E.P., Haslam, N., and Gottdiener, W.H. (2013). The ‘side effects’ of
medicalization: a meta-analytic review of how biogenetic explanations affect
stigma. Clin. Psychol. Rev. 33, 782–794.
Lan, M. (2015). Analysis of Chinese College students’ attitudes towards cognitive enhancement in education. International Conference on Social Science.
Education Management and Sports Education.

Nisbett, R.E., and Miyamoto, Y. (2005). The influence of culture: holistic versus
analytic perception. Trends Cogn. Sci. 9, 467–473.
Nishimoto, S., Vu, A.T., Naselaris, T., Benjamini, Y., Yu, B., and Gallant, J.L.
(2011). Reconstructing visual experiences from brain activity evoked by natural
movies. Curr. Biol. 21, 1641–1646.
Nissenbaum, H. (2009). Privacy in Context: Technology, Policy, and the Integrity of Social Life (Stanford University Press).
Normile, D. (2018). China’s ambitious brain science project inches forward.
Science 360, 840–841.
OECD (2017). Neurotechnology and society. In OECD: Science, Technology
and Innovation Policy Papers (Organisation for Economic Co-operation and
Development).
Okano, H., Miyawaki, A., and Kasai, K. (2015). Brain/MINDS: brain-mapping
project in Japan. Philos. Trans. R. Soc. Lond. B Biol. Sci. 370, https://doi.
org/10.1098/rstb.2014.0310.
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DEVELOPMENT OF NEUROETHICS QUESTIONS
a.

STEP 1

Organizing committee summarized the aims and results of conferences and reports that have
provided currently existing neurotechnology guidelines, from 2006-present.

b.

Recommendations from five sources were also analyzed such as those from the European
Citizens’ Assessment Report (Meeting of Minds, 2006) and Gray Matters (US Presidential
Commission for the Study of Bioethical Issues, 2014-15), for areas of commonality and
differences

c.

GNS participants were provided these summaries and analysis before convening in Daegu for
review.

a.
STEP 2

Session 1: Participants discussed existing global brain projects and inherent ethical questions of
the Australian Brain Initiative, China Brain Project, EU Human Brain Project, Japan Brain/MINDS,
Korea Brain Initiative, US BRAIN Initiative.

b.

Session 2: Participants discussed existing guidelines, principles, and efforts on ethics of
neurotechnologies. Presentations from representatives from the Organisation for Economic Cooperation and Development (OECD), Agency for Medical Research and Development (AMED)
Japan, NIH BRAIN Neuroethics Working Group, and KBRI were given.

c.

Session 3: The key questions from these discussions were determined as a group.

a.

Participants discussed themes and missing question from existing guidelines and principles. Each

STEP 3

group provided a short (<2 min) presentation report of their discussions.

a.
STEP 4

Case Studies: Six hypothetical case studies of technologies/research projects pertinent to existing
global brain projects were presented by representatives of each project. These cases were
modeled after the 2016 Our brain, Ourselves, Our World (O3brain.org) meeting format. Each
case presentation was followed up by a respondent who provided alternative perspectives on
ethical evaluation of these cases.

b.

Participants were invited to respond with more discussion points after the respondents for each
case study.

Mind Map Exercise– aim: finalize key questions as a result of GNS Day 1 discussions
STEP 5
a.

Participants were asked to consider 2-3 questions and one key word/category that represents
their questions of interest (e.g. identity, privacy, government/law, enhancement, etc.)

b.

Categories collapsed based on degree of overlap (i.e. identity with participant) and lines drawn to
signify categories of similar points.

c.

Final categories of neuroethics questions with subcategory details determined for GNS Day 2
breakout group discussion aimed to condense and finalize main questions for GNS universal list
of neuroethics questions.
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BACKGROUND
The human brain and emerging neurotechnologies represent a frontier of 21st century scientific
discovery with far-reaching implications. Understanding the brain was identified by the National
Research Council (2010) as one of the five "most urgent, most important, and most achievable" grand
challenges at the intersection of the physical and life sciences. Through large-scale collaborative,
interdisciplinary efforts, like the Brain Research through Advancing Innovative Neurotechnologies
(BRAIN) Initiative in the United States and others around the world, the next decade will bring amazing
advances in understanding brain function, creating new tools for imaging and analysis, diagnosing and
treating brain disorders, and developing novel theoretical frameworks with broad applications.
Given that modern neuroscience research is rapidly changing the landscape of human scientific
understanding, with immense growth in both public- and private-sector investment, it is essential
to engage the public in shaping the future of neuroscience. As described in a report from the NIH
Blueprint for Neuroscience Research (2008), the interdisciplinary field of neuroscience has the
potential to broaden science education in the United States—in content, audience, and capacity—
through a truly human-centered approach. In this landscape, informal STEM education is an important
foundation for public neuroscience engagement, encompassing basic scientific phenomena, new
discoveries, and societal impacts.
In January 2018 the National Informal STEM Education (NISE) Network, in partnership with The Kavli
Foundation, held a two-day strategic planning conference to conceptualize a national informal science
education initiative around brain science (Box 1). Working with the Society for Neuroscience and other
key stakeholders, the conference brought together a diverse group of museum professionals,
scientists, social scientists, and other experts in informal science and neuroscience education to assess
emerging issues in the field and identify needs and opportunities for outreach and engagement. The
full conference agenda and a list of participants are included in Appendix A.
This white paper provides an overview of key themes that emerged from the conference and outlines a
collective vision to grow public engagement efforts in concert with the rapid advancement of
neuroscience research. This vision is centered on empowering multiple and diverse audiences to
experience, talk about, reflect on their personal and community connections with, and contribute to
broad understanding of and thoughtful dialogue about STEM research and its applications.

Box 1: Conference Goals
Participants representing a breadth of expertise relevant to informal neuroscience education will share
emerging science, educational assets, and effective strategies for public engagement.
Guided by these perspectives, participants will establish a framework of core neuroscience concepts
and their societal impacts that can be infused into informal education and outreach efforts.
Participants will identify the need and capacity for professional development in neuroscience and
science communication for scientists, informal educators, and other stakeholders.
Through collaborative discussion and networking opportunities, participants from diverse organizations
will form relationships and explore potential collaborations for informal neuroscience outreach,
including a plan for mobilizing the extensive NISE Network for public informal neuroscience education.
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Organizing Partners
National Informal STEM Education Network
The National Informal STEM Education (NISE) Network is a community of informal educators and
scientists dedicated to supporting learning about science, technology, engineering, and math (STEM)
across the United States. The mission of the Network is to build the capacity of informal science
education institutions and research organizations to work together to raise public awareness,
understanding, and engagement with current science, technology, engineering, and math (STEM). Past
and current projects have focused on a variety of STEM topics including nanotechnology, Earth and
space science, synthetic biology, chemistry, sustainability, and responsible innovation. NISE Network
projects develop educational products and implement them with multiple and diverse public
audiences, provide professional development for practitioners, and create opportunities for
collaboration and networking (Fig. 1).

Figure 1. Impacts and structure of the NISE Network. This logic model illustrates the framework through which
the Network leverages the resources of both informal STEM education organizations and research institutions to
impact both public and professional audiences.

The NISE Network achieves its reach and impact through the participation of over 600 partner
organizations—primarily science centers, museums, and college/university outreach programs located
in the United States—in Network activities each year. The core organizations of the Network create
resources and coordinate activities on a national and regional level through an established hub
structure, while Network partners coordinate and implement project activities locally. Through the
diversity of our partner organizations and their local collaborations, the Network has broad geographic
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and demographic reach across the country. Together, partner organizations engage approximately 11
million people each year in high-quality STEM learning through the direct use of Network products
(Swarovski et al. 2015). The NISE Network also advances the professional field of informal learning by
incorporating current science into museum exhibits and programs, improving the practices and skills
of educators and scientists, and creating lasting, valuable relationships among individuals and
organizations.
An important and innovative focus of NISE Network projects has been to create programs designed to
empower museum educators, scientists, and visitors to explore how new technologies may affect
people and the societies they live in and create. These projects are different from many other outreach
programs because they encourage public audiences not just to learn from experts about science and
technology, but to participate as equals in the conversation. To achieve this, the Network has
developed strategies that help people think through what their values are, better understand how
other people think about values, recognize the expertise they have, and increase their confidence to
contribute to the broader discussion about these technologies (Herring 2007; Wetmore et al. 2013).
As the NISE Network has explored diverse topics in STEM, input from partner organizations has
influenced the Network’s efforts in expanding its directions. Neuroscience has frequently emerged as a
topic of particular interest. In a recent network-wide survey, 93% of respondents indicated that a focus
on the topic “brain and neuroscience” would be valuable to them (Rosino et al. 2014). Of the survey
respondents, 66% were from museums or science centers, while 33% were from universities, industry,
or government, suggesting that the topic has broad appeal across different types of institutions.

The Kavli Foundation
The Kavli Foundation is dedicated to advancing science for the benefit of humanity, promoting public
understanding of scientific research, and supporting scientists and their work. The Foundation's
mission is implemented through an international program of research institutes, professorships, and
symposia in the fields of astrophysics, nanoscience, neuroscience, and theoretical physics as well as
prizes in the fields of astrophysics, nanoscience, and neuroscience.
The Kavli Foundation supports an international network of seven Kavli Neuroscience Institutes that
carry out fundamental research in neuroscience. The Foundation was instrumental to the development
of the BRAIN Initiative and plays a key role in coordinating various international neuroscience projects.
As part of the BRAIN Initiative Alliance, the Foundation aims to inform and engage the public and the
scientific community about emerging scientific successes and opportunities for further discovery. In
alignment with these goals, The Kavli Foundation provided funding for the January 2018 conference to
facilitate an open dialogue and exchange of ideas about public engagement with neuroscience.

Location and Additional Participants
The Franklin Institute in Philadelphia was chosen as the conference site to allow participants to
experience and be inspired by the creative approaches to neuroscience outreach represented in the
museum’s Your Brain exhibition, which focuses on the neuroscience and psychology of the human
3

brain. The American Alliance of Museums recognized Your Brain with an Excellence in Exhibitions
Award in 2015, citing the exhibition’s “ability to successfully take a very dense subject matter and make
it relatable to the visitor” (Hoffstadt 2015). The exhibition serves as an anchor for the Institute’s broad
range of neuroscience programming, including K-12 curriculum development, public programs,
educator and corporate professional development, and research partnerships. The Institute is also an
active member of the NISE Network’s extended leadership group.
Conference attendees (listed in Appendix A) were invited to represent a spectrum of expertise ranging
from informal science education to primary neuroscience research. Informal science educators
included staff from various science and children’s museums, leaders in professional development,
experts in informal learning, and representatives from relevant national networks and professional
associations including the Afterschool Alliance, National Girls Collaborative Project, and the
Association of Science-Technology Centers (ASTC). To provide scientific expertise, participants
included individual scientists and key organizations involved in neuroscience research and outreach,
including the Society for Neuroscience (SfN) and The Dana Foundation, which jointly promote Brain
Awareness Week, an annual global outreach campaign. Participants from Arizona State University’s
School for the Future of Innovation in Society and the University of Pennsylvania’s Center for
Neuroscience & Society were invited to guide discussions about the societal impacts of emerging
neuroscience.

SYNTHESIS OF CONFERENCE PRESENTATIONS
To provide context for participants and lay a common foundation for discussions, the conference
opened with a series of presentations given by various experts in neuroscience and informal science
education. The following sections briefly summarize those presentations.

Current Research Priorities and Societal Implications
Frances Jensen from the University of Pennsylvania, chair of SfN’s Public Education and Communication
Committee, summarized the state of current neuroscience with an overview of how a coordinated
interdisciplinary effort, along with significant investment in neuroscience, has guided the development
of an ambitious research agenda in the past few decades. From the molecular level to plasticity and
development over the lifespan, innovative new tools and emerging discoveries are transforming our
understanding of the brain.
To understand how brain circuits are structured and change over time, researchers are aiming to create
a complete library of different cell types based on gene expression. Techniques such as the “Brainbow”
genetic system help to decipher the physical connections between these cells, and an effort to create a
complete wiring diagram of the retina (including the crowd-sourced game Eyewire) is currently in
progress. Optogenetics is another powerful new tool to identify the macro-level effects of microcircuits
in the brain, enabling researchers to precisely manipulate neurons and observe the resulting changes
in neural activity linked to specific behaviors.
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Advancements in imaging (Fig. 2) have had an unprecedented impact on both human and animal
neuroscience. At a structural level, diffusion magnetic resonance imaging (MRI) reveals how myelinated
white matter tracts connect different regions of the brain, providing insight into brain organization and
maturation. Functionally, advanced imaging techniques allow researchers to probe and map both
primary and higher order functions, including studies on the greater risk of depression in adolescents
and the neural circuits that are involved in decision making. These new techniques enable not just new
avenues of inquiry in basic science but also new clinical applications, such as noninvasive stimulation of
neural circuits to treat neuropsychiatric disorders.

Figure 2. Sophisticated imaging techniques reveal new insights into brain structure and function. Left: Blood
flow superimposed on MRI, an imaging technique used to study the effects of diseases such as stroke, epilepsy,
and dementia. J. Detre & M. Fernandez-Seara, University of Pennsylvania and University of Navarra. Center:
Fluorescent staining and microscopy show neurons created from human skin cells, a system developed to increase
the supply of neurons for use in research and drug discovery. F. de Vrij, N. Gunhanlar, Laboratory of S. Kushner,
Erasmus Medical Center. Right: PET scan showing blood flow in the brain during prayer, revealing increased
activity (red) in attention and language regions. A. Newberg, Thomas Jefferson University Hospital.

Jensen emphasized that no other organ undergoes as much dramatic change in function over the
lifespan as the brain, and examining how the brain changes in both health and disease is a critical
meta-issue in neuroscience. Brain connectivity progresses from the back of the brain to the frontal lobe
over a time period of more than 20 years from childhood to early adulthood, with implications for
physical and cognitive development. Current research is investigating patterns of cell birth, migration,
myelination, synaptic production, and pruning to determine the effects of disorders ranging from fetal
exposure and prematurity at birth to neurodegeneration in old age.
The integration of big data, encompassing fields such as engineering, genomics, and computer
science, is critical to many areas of neuroscience, but may have the greatest impact on breaking down
silos in the study of brain diseases. Using interdisciplinary tools and investigative approaches has
revealed common cellular mechanisms in autoimmune diseases, stroke, epilepsy, and other diseases.
The revolution in brain science is wide-reaching, from gene editing to neurodevelopmental disorders
to artificial intelligence. Jensen framed the implications for many aspects of our lives that result as
research pushes forward our understanding of the brain. Neuropsychiatric disorders are currently the
leading disease burden in the United States, and new applications of emerging neuroscience to
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diagnostics and therapeutics are transforming medicine.
Critically, insights into learning, memory, and social
behavior are increasing self-efficacy in personal choices
that influence lifespan and aging. The behavioral
psychology of decision making is gaining traction in the
business world, while in the legal realm, there are moral
and ethical issues at the intersection of criminal behavior
and mental illness. New techniques and big data are
raising unprecedented questions about education,
marketing, and even arts and aesthetics.

As scientific techniques
allow us to dive deeper
into brain circuits and
genetics, there are
resulting complexities
emerging at the individual
and societal level.

Importance of public engagement
Jensen also discussed that for the scientific community, actively engaging with the public around core
concepts and current research in neuroscience could have many potential benefits. Communicating
the tangible everyday relevance of neuroscience creates a fact-based foundation for lifelong learning
as science advances. An informed public can support advocacy for science at the governmental level
at a time when funding levels for research are being reduced. Most importantly, public audiences can
challenge science and serve as a source of new perspectives and new questions. How does this
engagement take place?
In considering models of interaction through which experts communicate with public audiences, Larry
Bell from the Museum of Science explained multiple dimensions of these interactions that lead to
different outcomes (Fig. 3). The first dimension is the topic or focus of the interaction and includes the
range of possibilities shown in the top row. The second dimension, shown in the middle row, is the way
in which public participants engage with the topic. The third dimension, shown in the bottom row, is
the way in which experts such as scientists or engineers engage with the topic and the public.
Together, these three dimensions create a spectrum of roles and formats through which scientists,
educators, and public audiences consider science and its societal impacts.
Understanding (PUS)

Engagement (PES)

6

Figure 3. Dimensions of
public-expert interactions
with topics in science.

Bell described the two left columns of the spectrum as likely to be most familiar to those working in
informal science education or who do public outreach. These fall under the umbrella of “public
understanding of science” (PUS), where the goal may be to demonstrate a phenomenon, build
excitement about science and its benefits, or inform about an issue. However, science is not just about
facts and phenomena. The relevance of science comes from its application to people’s lives, our
communities, our country, and the world. In a report from the Center for Advancement of Informal
Science Education, McCallie et al. (2009) termed this “public engagement with science” (PES). These
interactions, which include diverse perspectives and can influence behavioral change in multiple
audiences, are represented in the three right columns of the spectrum.
Given the rapid advancement of neuroscience in many areas affecting our society, the field is at a
crossroads where public interest is high and public involvement is essential. As Jensen reflected,
neuroscience is a relatively new field of biological and social science; in fact the term “neuroscience”
did not exist fifty years ago. Most adults know very little about how the nervous system functions, yet
low quality information abounds in popular culture. There is certainly a need for outreach on the PUS
end of the spectrum to correct these gaps in knowledge and especially to debunk pervasive
“neuromyths.”

Modern neuroscience
is unique among
STEM topics in its
personal, community,
and societal
relevance, making it a
particularly good fit
for public
engagement and
dialogue.

However, neuroscience is relatable, and knowledge about
neuroscience can improve people’s quality of life with its
implications for health, wellness, and recognition of disease. As
the brain is a hidden organ, new technologies are revealing its
structure and function, and input from public audiences is
essential in determining how and when insights from these
technologies are integrated into our everyday lives. These
characteristics of neuroscience should motivate us to push our
outreach efforts towards PES activities. A central focus of this
conference, therefore, was considering the diverse societal
impacts, values, and choices that are informed by neuroscience
in order to identify how to best engage scientists and public
audiences in meaningful dialogue.

EXISTING NEUROSCIENCE OUTREACH ASSETS
Any future neuroscience public engagement project will benefit from leveraging the strong base of
existing assets in neuroscience education and public outreach. Building on this foundation, a cohesive
effort to identify and communicate key messages about neuroscience and strategies for addressing
societal impacts will lead to successful public engagement, as well as improved efficacy, broader reach,
and deeper expertise of participating professional audiences.
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BrainFacts.org and Neuroscience Core Concepts
Nick Spitzer, the founding editor-in-chief of
BrainFacts.org, led the group in reviewing this
essential resource for neuroscience education, a
public information initiative of SfN, The Kavli
Foundation, and the Gatsby Charitable Foundation.
This comprehensive website is regularly updated
and reviewed for accuracy by SfN members or by

Your Complex Brain

How Neurons Communicate

trusted content partners approved by the
BrainFacts.org editorial board.
The site content is organized around eight
Neuroscience Core Concepts (Fig. 4). These
concepts were first developed by SfN in 2007,
through consultation with neuroscientists and
educators, and serve as a starting point for
considering the brain and nervous system as content
for activities and inquiry in educational settings.

How Your Brain Processes Information

Reasoning, Planning, and Solving Problems

The Power of Language

The Source of Curiosity

How Research Benefits Human Health

Each essential principle is supported by
fundamental concepts comparable to those
underlying the U.S. Next Generation Science
Standards.
In conjunction with a strong framework for science
learning outcomes, conference attendees agreed
that these key science content ideas can serve as a
starting point for organizing an informal neuroscience
education initiative. Potential educational experiences
can be designed to focus on different concepts and
offer different learning experiences, as appropriate for
specific target audiences, formats, and topics.

How Experience Shapes Your Brain

Figure 4. Neuroscience Core Concepts, developed
by BrainFacts.org.

Current neuroscience public outreach
The group then discussed the landscape of present neuroscience outreach efforts with a focus on
levels of public-expert interactions to identify where, if at all, there were needs for additional or
different kinds of outreach.
Kathleen Roina from The Dana Foundation and Alissa Ortman from SfN described the scope of Brain
Awareness Week (BAW), an annual global outreach campaign. BAW was founded in 1985 by the Dana
Alliance for Brain Initiatives to increase public awareness about brain research. Today, with support
from SfN, BAW continues to be a celebration of brain science every March and serves as the highlight
of year-round public outreach. The goals of BAW include increasing visibility of partner organizations
in the context of a global education initiative, spreading the word about the importance of brain
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research, arming the public with knowledge to make
informed health decisions, and inspiring the next
generation of scientists. BAW partners organize events
and activities for families, schools, and communities.
However, there is relatively little overlap between
current BAW partners and informal science institutions
in the NISE Network, suggesting an ideal opportunity
to build new partnerships and reach new audiences.
While BAW is perhaps the most visible, coordinated
public outreach effort, conference attendees shared a
number of additional programs with different formats

Box 2: Examples of current neuroscience
outreach efforts
•

Brain Awareness Week

•

Science for Monks

•

braiNY (New York University)

•

Science Club (Northwestern
University)

•

Neuroscience Boot Camp (University
of Pennsylvania)

Living Laboratory
and audiences, including those listed in Box 2. The
group also discussed the expertise of health-related
•
Neurodome
support organizations such as those serving patients
•
Neuroscience for Kids
affected by different diseases and disorders, parents
and caregivers of young children, advocates for mental
health, and others. Many of these organizations have active community networks and educational
resources for helping the public make informed decisions about their health.
•

There is an unmet
need to push beyond
core concepts and
promote collaborative
learning between
scientists and public
audiences around the
societal impacts of
neuroscience.

As the group reflected on these programs in the context of the
public-expert interactions discussed earlier, a consensus
emerged that there is a need that goes beyond merely
connecting informal science institutions and their audiences with
existing efforts. The current neuroscience outreach landscape
favors the PUS side of the spectrum, with a focus on countering
neuromyths, explaining foundational principles and phenomena,
and promoting brain health and safety. How can we shift the
landscape towards more bidirectional, PES-type interactions that
foster an exchange of ideas between scientists and public
audiences around the rapid and unique advancements of
modern neuroscience?

Informal STEM learning frameworks
Research-driven learning frameworks in informal STEM education can scaffold more advanced levels of
engagement with the public. Elizabeth Kollmann from the Museum of Science presented several
examples that demonstrate the potential of informal science education to promote science learning
beyond specific science content. The National Research Council (2009) has identified six evidencebased strands of learning in informal environments (Fig. 5). These strands describe cognitive, social,
developmental, and emotional elements of participation, recognizing that encounters with science in
out-of-school environments can be particularly effective in stimulating interest and building science
learning identities. Similarly, the Institute of Museum and Library Services (2009) has defined a set of
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21st century skills that museums and libraries are well suited to nurture. These include skills in learning
and innovation; information, media, and technology; life and career skills; and emerging global
themes in civic, health, and environmental literacy.

Learners in informal
environments...

Experience excitement, interest, and motivation to learn about phenomena in the natural and
physical world.
Come to generate, understand, remember, and use concepts, explanations, arguments, models,
and facts related to science.
Manipulate, test, explore, predict, question, observe, and make sense of the natural and
physical world.
Reflect on science as a way of knowing; on processes, concepts, and institutions of science; and
on their own process of learning about phenomena.
Participate in scientific activities and learning practices with others, using scientific language and
tools.
Think about themselves as science learners and develop an identity as someone who knows about,
uses, and sometimes contributes to science.
Figure 5. Strands of learning in informal environments that support public engagement with science.
National Research Council (2009).

As demonstrated by several NISE Network projects, these evidence-based frameworks can help
establish goals that go beyond content learning. For instance, the design principles for a project on
Earth and space science encourage the development of engaging, authentic, current, relevant, and
accessible experiences that incorporate real phenomena, the scientific process, and community
participation. Another project focuses on increasing positive attitudes towards chemistry by designing
experiences that increase learners’ interest in chemistry, understanding of its relevance, and feelings of
self-efficacy. For a third project on synthetic biology, the Network expanded its framework beyond its
goals for public learners to develop specific goals for participating scientists around exploring their
personal and societal values and developing skills in facilitating
conversations. More information on these projects can be found in
Appendix B.
Research in informal learning can be applied to neuroscience to guide the
development of experiences that complement each other in achieving
learning goals that cover science and society, interest and engagement,
skills, relevance, self-efficacy, and even goals for audiences beyond the
public. In addition, such a framework would establish a set of benchmarks
against which the resulting products and activities can be evaluated.
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Informal learning
research can be
applied to
neuroscience to
achieve science
and society
learning goals.

NISE Network and Informal STEM Education Assets
To build the capacity of the informal science
education field in facilitating more programs
towards the PES end of the interaction spectrum,
the NISE Network, in collaboration with the Center
for Nanotechnology in Society at Arizona State
University, has created strategies for stimulating
discussion and deliberation about values and
priorities associated with STEM topics. Larry Bell,
Catherine McCarthy from the Science Museum of
Minnesota, and other NISE Network team members
described how the Network has implemented these
public engagement strategies in a variety of
educational products, including media, short activity
toolkits, stage presentations, exhibitions, and
forums (Box 3).
Media for public audiences are both entertaining
and thought-provoking, while those for scientists
and educators are created for training in facilitating

Box 3. Examples of NISE Network
educational products for informal learning
Program toolkits: short hands-on activities or
games, presented at a table, cart, or
demonstration space by a facilitator, lasting
less than fifteen minutes for families and
small groups of people.
Stage presentations: delivered to large
groups of people in a dedicated presentation
area or stage
Media: short scripted videos for either public
or professional audiences
Exhibitions: unstaffed experiences, including
hands-on interactive components,
multimedia, object displays, and graphic
panels.
Forums: one- to two-hour facilitated
discussions for older youth and adults
focusing on a socio-scientific question.

conversations where there is no right answer and
the public’s views are welcome. Program toolkits
and stage presentations often involve simple
interactive materials that help public audiences
consider their own values as well as those of others, and can be personalized by the facilitator for each
group of participants.
Though NISE Network mini-exhibitions are just 400-500 square feet in size, these exhibitions have a
large national reach (for example, over 10 million visitors per year visit the 93 copies of the Nano miniexhibition) including geographically diverse audiences and smaller communities. As an example of
how exhibitions can facilitate public engagement, Nano applies a PES approach to include questions
about applications of nanotechnology, its possible societal benefits and risks, and the balance
between nano and society in the fun, social, and interactive learning experiences that draw audiences
to the exhibition.
Forums foster dialogue and deliberation and are explicit in the expectation that public participants
have valuable knowledge to share. Shared background knowledge, often presented by experts, is
used to frame the conversation, and multidirectional conversations bring in diverse perspectives,
including those of scientists. The resulting views are reported out to the entire group and can also be
shared with external stakeholders.
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Robust professional development networks
Any dialogue about science between public audiences and experts obviously requires the
participation of scientists. There are many models of successful partnerships between scientists and
informal science institutions that have yielded valuable outcomes for professionals on both sides. As
Darrell Porcello from the University of California Berkeley shared, these partnerships have been a
critical component of NISE Network projects. Among Network partners involved with a project on
nanoscale science and technology, 78% reported that they collaborate with other organizations to
engage the public. Of these partners, 80% reported they collaborated with STEM professionals
universities or colleges and 29% partnered with STEM professionals in industry (Goss et al. 2016).
The NISE Network develops resources for professional audiences such as online workshops, in-person
meetings, programs, and guides. For educators, these opportunities enable them to identify with a
broader community of professionals, increase their pedagogical and STEM content knowledge, and
spark new and valuable local collaborations. Opportunities targeted to scientists help them develop
their communication skills with the public, share their work and passion, and build public support for
and understanding of research. For example, in the Network’s synthetic biology project, participating
scientists not only reported increased confidence in their ability to engage the public, but also learned
about the public’s values and felt that visitors contributed to discussions addressing the societal and/or
ethical implications of science (Rockman et al. Research and Evaluation, 2018).
For a potential informal neuroscience education project, the Society for Neuroscience’s robust
professional development network for scientists is an invaluable asset. Alissa Ortman gave the group a
virtual tour of Neuronline, SfN’s member portal for professional development, which hosts videos,
webinars, podcasts, articles, and discussion forums on outreach, communication, and advocacy. These
online resources complement regular in-person sessions on these topics at the annual SfN conference
and support connections between scientists and educators through the “Find a Neuroscientist”
database. With these resources already in place, any professional development opportunities for
scientists that emerge from a new public engagement project can reach their target audience quickly
and effectively.

PROJECT VISION
Summarized in the sections above, the first part of the conference was designed to survey the fields of
neuroscience, neuroscience outreach, and informal science education, identify common themes, and
determine assets and needs. In the second part, after absorbing and discussing this rich foundation,
conference participants came together to build a vision for a future neuroscience public engagement
project that would leverage the diverse strengths of the national organizations and supporting partners
represented at the meeting.
As emerging neuroscience revolutionizes how we see the human brain, we are at a critical point at
which to promote sustained public engagement around the personal, community, and societal impacts
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Figure 6. A novel
opportunity for sustained
public engagement will
leverage the strengths of
the current neuroscience
outreach ecosystem.

of neuroscience. The current neuroscience outreach ecosystem (Fig. 6) has many of the necessary
components in place: a rapidly growing field of science with intrinsic public interest, an educational
content framework, an active community of volunteer experts promoting public understanding of
neuroscience, and a national museum network with evidence-based strategies for public engagement.
At the intersection of these components arises a unique opportunity to bring public audiences into the
conversations and decision-making processes that are pushing neuroscience forward.
Organized by the NISE Network, the National Informal Neuroscience Education (NINE) Initiative
will be designed to increase the capacity of both museums and scientists to connect the public to the
science, technology, and societal implications of neuroscience. Grounded in a core of cohesive science
content that communicates key messages of the field, the NINE Initiative will develop PES products
that expand and leverage existing partnerships between scientists, museum, and community
organizations to reach diverse audiences.
The significance of an intentional PES approach emerged as conference participants considered the
needs and values that are shaping the trajectory of current neuroscience research. From individual
habits of sleep, diet, and exercise to the social stigma of mental illness to the business of artificial
intelligence, applications of neuroscience touch almost every aspect of our lives. There are choices to
be made at every level: personal choices made by individuals; choices made by parents, caregivers,
and educators on behalf of children; economic and corporate choices; societal choices and priorities
for funding; and equity and access to resources. Fig. 7 shows a word cloud representing a brainstorm
of the range of potential impacts of emerging neurotechnologies on our society.
These technologies open up new possibilities, shape our relationships, promote the values of those
who build them, and through a variety of systems affect many different parts of our society and
communities. At its core, this potential project will aim to illustrate that while new technologies will help
shape our future, people everywhere have opportunities to influence what that future looks like.
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Figure 7. Societal impacts of emerging
neurotechnologies. Conference attendees
brainstormed how neuroscience plays a role in
individual choices, caregiver decisions,
economics and industry, societal norms, and
equitable access to resources.

Potential target audiences
Through its network of over 600 partner
organizations, including approximately 400
science centers, science museums, and
children’s museums, the NISE Network
reaches a core public audience of millions
per year. These intergenerational family groups generally consist of children (primarily in preschool
through middle school) accompanied by one or more adults, including parents, grandparents, and
other caregivers. Many Network partners also target adult audiences through special programs such as
discussion forums and after-hours events. The discussion of societal impacts brought to the forefront
the ways that neuroscience informs individual, family, and community choices relevant to health,
technology, social relationships, and more. Attendees agreed that reaching social groups across
generations would be a vital approach for the NINE Initiative in order to include multiple perspectives,
encourage discussion, and perhaps even inspire collective action.
Professional audiences are also a target for this project. As previous NISE Network projects have
shown, collaborations between scientists and informal science educators result in learning outcomes
for both (Goss et al. 2016). The NINE Initiative will aim to increase capacity for brain-related
programming in science and children’s museums by training educators in neuroscience content. There
are also unique learning outcomes for scientists gained from their interaction with public audiences
(Svarovsky, Tranby et al. 2015; Rockman et al. Research and Evaluation 2018). To promote these
outcomes, the project will also build communications skills in the active community of volunteer
neuroscientists, particularly with respect to public engagement through facilitating conversations
about values, priorities, and societal impacts.

Project focus
In developing a vision for the NINE Initiative, conference participants identified four strands of
potential focus to consider in determining the goals of the project: science content and learning
frameworks, public engagement, audiences and inclusion, and professional development.
During the conference, participants divided into small groups—bringing together common interests
and expertise from both the neuroscience and informal science education communities—to brainstorm
how each strand could shape the initiative. With distinct goals but obviously overlapping strategies,
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these strands will guide the definition and development of a suite of products that collectively lead to
the full range of outcomes.
Science content and learning frameworks
The strength of neuroscience as a topic in science education is that learning about the brain inevitably
generates excitement about how to apply that learning to ourselves and the world around us.
Conference attendees discussed both key science concepts and affective science learning goals, and
agreed that the social and emotional connections should guide the science content in any
neuroscience public engagement project. Experiences should: 1) be participatory – engaging people
in using and reflecting on their own brains, 2) be relevant – connecting to personal and timely issues, 3)
inspire wonder – imagining new ideas made possible by the brain’s incredible complexity, and 4)
empower behavioral change – providing strategies and resources to make more informed choices.
As conference participants aligned these goals with the BrainFacts.org core concepts, several topics
from the framework emerged as potential primary areas of focus. Plasticity incorporates many
fundamental concepts of neuroscience within the context of how the brain changes across many time
scales. Learning and memory are practical concepts that are immediately applicable to learners of all
ages and abilities. Health applications, defined broadly from wellness to disease, illustrate the
relationship between the brain and body. Evolution addresses both what makes us human as well as
the marvelous diversity of brains among living things.
There are also broader themes about the process of science that are embedded in neuroscience. How
do we know what we know about the brain? There are many opportunities for people to use selfassessment in experimenting with their own brain functions, collecting data, and comparing to others.
Critical thinking skills are essential for interpreting and applying these results or for assessing the
validity of neuromyths and other popular ideas about the brain. Finally, the technological tools and
interdisciplinary connections in neuroscience are reflective of how modern science continually asks
new questions and solves problems. As new products and programs are developed, these elements of
the scientific process should be integrated into how audiences are introduced to the science content.
Public engagement
To facilitate dialogue around the personal, community, and societal impacts of neuroscience,
conference attendees suggested that the NINE Initiative should draw upon evidence-based best
practices of public engagement. Scientists and educators should both literally and figuratively meet
people where they are. Design strategies supporting effective engagement include learning
experiences that are fun, social, and active, engaging multiple senses and provoking curiosity. The
overall message of the project should lead with a topic that generates optimism, while connecting to
current events or more serious issues of community relevance, such as concussion, addiction, or stress.
Strategies for increasing individual efficacy (“how can I avoid/improve/prepare for…”) should be
integrated across all elements of the project.
Mutual trust between scientists and public audiences is also critical for effective engagement. The
group suggested that to build trust, learning experiences should emphasize the human aspects of
neuroscience by promoting an exchange of values between scientists and the public, encouraging
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scientists to share their values through compelling stories. How are neuroscientists trying to solve
societal challenges? What are the personal motivations behind their work? Scientists should also be
open to discussing both positive and negative implications of neuroscience research and its
applications. Discussions of ethics should bring in not just the perspective of scientists but also lawyers,
physicians, religious leaders, patients, and others.
Given the potential for emerging neuroscience to transform society, the NINE Initiative also offers
opportunities to move beyond engagement and inspire people to take action. Conference attendees
suggested that one approach could involve coordinated citizen science efforts around a particular
research question. What might researchers want to learn about the brain—or about the ethical
dimensions of neuroscience research—with the help of a large, diverse, and interested segment of the
public? The NINE Initiative could also coordinate nationwide forums aimed at gathering public
opinions and values to inform decisions made by the research community or by policy makers. Perhaps
the most exciting, but also challenging, idea that emerged was the concept of facilitated dialogues that
could shift individual and collective attitudes about societal issues and the implications of brain
science. For example, what do we define as “normal” in terms of mental health and ability?
Audiences and inclusion
The personal relevance of neuroscience makes it an ideal topic to engage a diversity of public
audiences. From young children to teens to senior citizens, the human brain is interesting and relevant
across the lifespan. In addition, conference attendees felt that the social dimensions of neuroscience
create opportunities to cut across divisions in socioeconomic status, gender, language, geography,
and ability. Integrating these sociocultural factors with science content—whether through codevelopment with target audiences, representation in educational products, or both—is especially
critical because the neuroscience community, as a whole, is not reflective of the diversity of the general
population. Through past projects, the NISE Network has developed specific strategies and resources
for engaging and including learners of all levels and backgrounds that will inform the design of
products for the NINE Initiative.
A new challenge for this project would be to develop strategies for engaging audiences as both
learners and experts. Neurodivergent people, older adults, patients who may be affected by new
treatments, and others are all experts in their own experience but are also uniquely motivated to learn
about the science that impacts their lives. How can these individuals’ perspectives be woven into a
social learning experience?
The broad implications of emerging neuroscience are also likely to be of interest to audiences who
may not visit museums and informal science education institutions. The group suggested that a key
element of the NINE Initiative would be to develop new collaborations between Network partners and
organizations that serve these under-engaged community sectors, such as children’s hospitals, adult
care facilities, health support groups, or youth organizations. The project will leverage and extend
Network partners’ creative approaches for reaching non-traditional audiences (past efforts have
ranged from flash mobs in community spaces to programs for incarcerated parents and their children).
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Professional development
As described in the existing assets of the neuroscience outreach ecosystem, a rich variety of expertise
is in place to shape the development of the NINE Initiative. Conference attendees reflected on how
bringing these different expert communities together could create an opportunity to build a model of
shared learning between scientists, informal science education professionals, and public audiences.
Scientists can contribute science content and the broader context of the grand challenges that are
being tackled in the field. Educators can contribute communication skills and best practices for
learning, while public audiences contribute the individual context and neurodiversity that brings
personal meaning to the science.
There are many aspects of science content and science communication that are critical for building
capacity for neuroscience public engagement. The science of learning and memory is an important
foundation for outreach. Successful facilitation includes being able to address common
misconceptions, guide inquiry, and develop programs accessible to diverse audiences. Encouraging
learners to share personal experiences and navigating reactions to weightier topics also requires
sensitivity and skill. The group suggested that these topics could be addressed in professional
development components of the NINE Initiative, with opportunities for co-learning through a mix of
online and in-person trainings, and rapidly deployed using existing NISE Network and SfN
infrastructure.
For the broader outreach community, scientists and educators at the conference also identified the
need for an online repository of curated, vetted, and easily updated resources for outreach and
education. Given the dynamic, rapidly changing nature of neuroscience, this catalog would prioritize
the most relevant and successful outreach products, linked to core concepts and current research
translated for practitioner use. Existing resources from BrainFacts.org and the Dana Foundation could
be tapped for this supporting content.

NEW PARTNERSHIPS FOR A NEW APPROACH
Recognizing that “ethical and societal questions are not questions for experts alone” (Yuste &
Bargmann 2017), leaders of international brain research initiatives have emphasized that citizens must
be engaged in discussions about the development and application of emerging neuroscience as an
essential component of a global research initiative. This type of public engagement requires a new
model of outreach; a workshop convened by the Organization for Economic Cooperation and
Development identified a “need for experimentation and examples of governance and public
deliberation approaches across sectors” (Garden et al. 2016).
To meet this need, the NINE Initiative represents an innovative
opportunity for partnership between the neuroscience
community and informal science institutions to promote
sustained public engagement around the personal,
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The brain is always changing.
How will neuroscience
outreach also change?

community, and societal impacts of neuroscience. With its existing national infrastructure and
experience in developing PES products for public audiences, the NISE Network is well positioned to
lead this effort, while the active involvement of SfN, the Dana Foundation, ASTC, and other key
stakeholders will be essential to integrate existing neuroscience research and outreach communities.
The logic model in Fig. 8 summarizes how the synergy between these assets and expertise can lead to
both professional and public outcomes advancing a conversation around the societal and ethical
impacts of neuroscience.

Fig. 8. Proposed framework for the NINE Initiative. The project could leverage existing assets and expertise to
generate new partnerships and products supporting a novel approach to public engagement with neuroscience.

As the group considered the intersection of different strands within the NINE Initiative, an overarching
theme also emerged to guide the project forward: neuroplasticity. The perception of the brain as an
adaptable, responsive control center of the body could support many of the PES outcomes listed in the
framework above. From a science content perspective, this core concept of change is critical to
understanding how the brain functions. Beyond the science, neuroplasticity is relevant to audiences of
all backgrounds in considering how life experiences affect brain development. It builds an
appreciation of neurodiversity, demonstrates personal agency over learning, health, and development,
and influences the choices we make for ourselves and for our families. It impacts the societal
applications of neuroscience, from courtroom decisions to cognitive neuroenhancement to the
development of brain-machine interfaces. This unifying concept—that the brain is always changing—is
therefore an ideal message to anchor a public conversation about the future of neuroscience in our
world.
With this thoughtful and inclusive vision for public engagement with neuroscience, the NISE Network
next aims to connect with stakeholders and funders in both the informal science education and
neuroscience research communities.
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Build grassroots momentum
As previously described, NISE Network partners have already expressed significant interest in the
general topic of brain science, and we can collect additional input on priorities for the informal science
education field through regular channels of communication with partners, such as ASTC and
Association of Children’s Museums conferences or the annual NISE Network partner survey.
For neuroscientists, the Brain Awareness Week campaign event at the 2017 annual Society for
Neuroscience conference featured a keynote presentation by Jayatri Das, chief bioscientist at The
Franklin Institute. The presentation highlighted how science museums can help bring current science
to a broader range of audiences, increase capacity by supporting year-round programs, and foster
meaningful dialogue about the societal impacts of emerging science. The enthusiastic response from
the audience indicated that the presentation was successful in raising awareness among scientists of
the benefits of working with informal science education institutions, and we anticipate that new
partnerships may begin to emerge through future Brain Awareness Week programs.
These initial efforts demonstrate that there is significant grassroots interest within both the
neuroscience and informal science education communities to support a broader collaborative initiative
around public engagement. We will reach out to stakeholder communities to collect feedback on the
potential development of materials suitable for museum audiences to increase public understanding,
engagement, and dialogue with scientists around relevant neuroscience topics.

Connect with research initiatives
With growing recognition in the scientific community that public engagement is a necessary
component of responsible research, the NISE Network seeks to build relationships with formal research
initiatives such as the BRAIN Initiative Alliance and the International Brain Initiative, facilitated by The
Kavli Foundation. In April 2018, NISE Network partners collaborated with the Foundation at an event in
Washington DC in celebration of the 5th anniversary of the U.S. BRAIN Initiative. This event offered the
opportunity to communicate the value, through hands-on activities and demonstrations, of public
outreach and engagement to BRAIN Initiative investigators, congressional staff, advocacy
organizations, and other stakeholders in neuroscience research.

Engage additional stakeholders and seek project funding
The NISE Network has a proven track record of creating high-quality products for museum audiences,
including hands-on activities, longer-format programs, educational media, exhibitions, and
professional development trainings for both scientists and museum educators that reach millions of
people each year. These products are developed in collaboration with scientists, and research and
evaluation have demonstrated their transformative impact. The Network will seek the support of
potential funders to enable the co-development, production, and dissemination of these elements
through the NINE Initiative. These stakeholders could include federal agencies (such as the National
Science Foundation or the National Institutes of Health) as well as philanthropic and advocacy
organizations with mutual interests in engaging scientists and public audiences around the societal
impacts of emerging neuroscience.
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APPENDIX A: CONFERENCE AGENDA AND PARTICIPANTS
Planning and Partnerships Conference for Neuroscience Public Engagement
January 16-18, 2018
The Franklin Institute
Agenda for Tuesday, January 16
5:00 pm

Arrive and check in at The Franklin Institute
Explore Your Brain exhibit and floor programs during Community Night (monthly event
at The Franklin Institute with free museum admission)

6:30 pm

Introductions and dinner

7:30 pm

Outreach showcase: Each project/person gives a 2-minute introduction, followed by
informal conversations & browsing resources

8:30 pm

Day 1 concludes

Agenda for Wednesday, January 17
9:00 am

Welcome and charge for the day
Jayatri Das, The Franklin Institute

9:15 am

Introduction to the National Informal STEM Education Network
Paul Martin, Arizona State University
Rae Ostman, Arizona State University

9:55 am

Overview of Current Brain Science
Discussion: What are the fundamental questions and emerging research directions in
neuroscience?
Frances Jensen, University of Pennsylvania

10:35 am

Spectrum of Public Engagement with Science
Discussion: What opportunities and challenges does neuroscience offer
for PES?
Larry Bell, Museum of Science
Darrell Porcello, University of California, Berkeley

11:35 am

Break

11:45 am

Professional Development
Discussion: What are PD needs in neuroscience for scientists & ISE professionals?
Alissa Ortman, Society for Neuroscience
Darrell Porcello, University of California, Berkeley
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12:15 pm

Lunch

1:15 pm

Concept Maps and Learning Frameworks
Discussion: What kinds of learning do we want to promote? How might the BrainFacts
Core Concepts and PES ideas form the basis of a learning framework? What other kinds
of learning might we focus on, beyond content knowledge?
Elizabeth Kollmann, Museum of Science
Nick Spitzer, University of California, San Diego

2:00 pm

Visioning Activity
How do we build on content-based framework to explore broader opportunities in ISE?
Science content and learning frameworks
Public engagement
Professional development
Audiences and inclusion

2:15 pm

Small group breakout to draft goals and identify strategies for each area

3:15 pm

Break

3:30 pm

Share key goals for whole group discussion and refinement

4:15 pm

Plenary discussion
Establish concrete recommendations from the meeting group
Preliminary discussion of how to develop these ideas into a collaborative project (to be
refined the next day by smaller group)

4:45 pm

Wrap-up and next steps

5:00 pm

Day 2 concludes

Agenda for Thursday, January 18 (small group only)
The Franklin Institute, Fifth Floor Conference Center
9:00 am

Small group meeting to develop action plan
NISE Net: Larry Bell, Paul Martin, Rae Ostman, Jayatri Das, Darrell Porcello,
Catherine McCarthy, Elizabeth Kollmann
Kavli Foundation: Eric Marshall, Brooke Smith, Caroline Montojo
SfN: Alissa Ortman

11:00 am

Conference concludes
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Conference Participants
Afterschool Alliance

Melissa Ballard

STEM Manager

Arizona State University

Ira Bennett

Associate Director for Research, School for the Future of
Innovation in Society

Arizona State University

Paul Martin

Co-Director, Center for Innovation in Informal STEM
Learning

Arizona State University

Rae Ostman

Associate Research Professor, School for the Future of
Innovation in Society

Association of ScienceTechnology Centers

Margaret Glass

Director, Professional Development

Dana Foundation

Kathleen Roina

Director, Brain Awareness Campaign

Dana Foundation

Ann Whitman

Director, Marketing & Communications

The Franklin Institute

Jayatri Das

Chief Bioscientist

The Franklin Institute

Karen Elinich

Director of Science Content & Learning Technologies

The Franklin Institute

Andrea Foster

Project Assistant

The Franklin Institute

Julia Skolnik

Assistant Director of Professional Development

Howard Hughes Medical
Institute

Boyana Konforti

Director of Scientific Strategy & Development
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APPENDIX B: EXAMPLES OF NISE NETWORK PROJECTS AND LEARNING FRAMEWORKS
Sun, Earth, Universe Exhibition
50 free exhibitions in 2018 and 2019
The Sun, Earth, Universe exhibition is an engaging and interactive
museum exhibition about Earth and space science for family
audiences.
Learning framework:
- Audiences will experience Earth and space phenomena and explore scientific discoveries.
- Audiences will use the scientific process and reflect on science as a way of knowing.
- Audiences will participate in the scientific community and identify as a science learner.

Explore Science: Let’s Do Chemistry
250 free kits of educational activities in 2018
The hands-on, interactive kits about chemistry encourage
observation of phenomena, experimentation with variables, and
connections to everyday life.
Learning framework:
- Participants will have an increased interest in the field of chemistry.
- Participants will have an increased understanding of the relevance of the field of chemistry to their
lives.
- Participants will have increased feelings of self-efficacy about chemistry (their ability to do chemistry
activities and participate in conversations about chemistry).

Building with Biology
200 free kits of educational activities in 2016
The hands-on, interactive kits and public forum programs are
designed to promote conversations among scientists and public
audiences about synthetic biology.
Learning framework:
- Public audiences will engage with scientists and engineers in conversations about what synthetic
biology is, how research in the field is carried out, and the potential products, outcomes, and
implications for society of this work.
- Researchers and publics will explore personal and societal values and priorities as well as research
outcomes so that both groups can learn from each other.
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