OECDpublishing

NEUROTECHNOLOGY
AND SOCIETY

STRENGTHENING RESPONSIBLE
INNOVATION IN BRAIN SCIENCE

OECD SCIENCE, TECHNOLOGY
AND INNOVATION
POLICY PAPERS

November 2017 No. 46

&) OECD

BETTER POLICIES FOR BETTER LIVES



2 I NEUROTECHNOLOGY AND SOCIETY: STRENGTHENING RESPONSIBLE INNOVATION IN BRAIN SCIENCE

This paper was approved and declassified by written procedure by the Committee for
Scientific and Technological Policy (CSTP) on 24/11/17 and prepared for publication by
the OECD Secretariat.

Note to Delegations: This document is also available on O.N.E under the reference code:
DSTI/STP/BNCT(2016)9/FINAL.

This document, as well as any data and any map included herein, are without prejudice to
the status of or sovereignty over any territory, to the delimitation of international frontiers
and boundaries and to the name of any territory, city or area.

The statistical data for Israel are supplied by and under the responsibility of the relevant
Israeli authorities. The use of such data by the OECD is without prejudice to the status of
the Golan Heights, East Jerusalem and Israeli settlements in the West Bank under the
terms of international law.

© OECD (2017)

You can copy, download or print OECD content for your own use, and you can include
excerpts from OECD publications, databases and multimedia products in your own
documents, presentations, blogs, websites and teaching materials, provided that suitable
acknowledgment of OECD as source and copyright owner is given. All requests for
commercial use and translation rights should be submitted to rights@oecd.org.

OECD Science, Technology and Industry Policy Papers


mailto:rights@oecd.org

NEUROTECHNOLOGY AND SOCIETY: STRENGTHENING RESPONSIBLE INNOVATION IN BRAIN SCIENCE | 3

Table of contents

N o] 1 - [od S 5
EXECULIVE SUMIMIAIY ...ttt bbbttt bbb e 6
o] 1 To3 VA [ a] o1 [Tor= L[] - ORPSSRSSRN 7
I 1 4 oo [0 Tod [0 o TSSOSO 9
2. Advances in Brain Science and NeuroteChnology ..........ccccoeieiiiiiiiininseiecee s 12
3. Ethical, Legal, and Social Aspects of Neurotechnology ...........ccoooveieiiiiiieiniiesecee e 17
3.1. Regulation of safety and effiCaCY .......ccccviiii i e 17
T ] =TT 01T o SR 18
3.3. HUMaN-MacChing CONTINUUIM ........cuiiiiieiiiisie ettt et sne et sneenaesteeneeseeenes 19
3.4, Artificial INtellIgENCE (Al c.veiiiiieeeee et 20
3.5, ISSUES 1N BUUCALION ....veviieiecie ettt sttt b bbbt b e enes 21
3.6. Perspectives on low- and middle-inCOME COUNTIIES. .......ovviierereiie e eiese e 21
3.7. ComMMUNICALION AN NYPE ...t ettt et enes 23
4. NeUroethiCS @and NEUFOIAW. .........ccciiiiiiiieieieis sttt sbe e 24
I TN 0T ot SR 24
O 1= TH o] - T SR 25
5. Frameworks for Neurotechnology and SOCIELY........c.cciiieiiiiiic i 27
5.1. The challenge Of INTEGrAtioN .........ccooveiiiiiiiiie s 28
5.2. ANLICIPALOTY JOVEIMANCE ... evititeeeseeieeieete sttt sttt ettt b e b et e e s e e et st e bt bbbt e enes 29
5.3. Responsible Research and InNovation (RRI) ..o 30
5.4. Open science and OPEN INNOVALION ..........coviieiieieeiie ettt sre et stesre e e sreens 33
6. Implementing Responsible Innovation: Mechanisms and TOOIS..........cccccvcvviviiivveiene s, 37
6.1. National and independent bioethics DOIES.........c.coviiiiiiii i 37
6.2. CO-TUNAING SIIBAMS ......oiiiiieiec sttt s be e et s be e e besaeesresbeebesbeanaesresrean 38
6.3, PUDIIC BNGAGEMENT ...ttt ettt bbbttt b bbb 39
6.4. Participatory teChN0IOgY @SSESSIMENT .......cviiiiriiriiite e 40
GRS T =L [0 o [0 ISR PP 43
6.6. Tool kits and web-based platforms ..o 43
7. The Unique Role of FUNers and INVESTOLS..........c.cceiviiiii e 45
7.1. ROIE OF PUDIIC FUNUBIS......c.viiieieece ettt e e ettt e sre et resae s 45
7.2. ROIE OF FOUNGALIONS.... .ottt ettt e st et e eeseeeneenaennean 46
7.3. ROIE OF DUSINESS ...ttt et e s b s e s st e e be e be e sbeesbbeeabeenbeesbee e 47
[ o 0] (=T PSPPSR U OSRURTORROTRRON 49
Tables
Table 2.1. Some brain research and neurotechnology iNItiatiVeS .............ccooeiieiiniiieie e 13
Table 4.1. A preparatory approach to understand ethical implications of neurosciences ..................... 25

OECD Science, Technology and Industry Policy Papers



4 I NEUROTECHNOLOGY AND SOCIETY: STRENGTHENING RESPONSIBLE INNOVATION IN BRAIN SCIENCE

Boxes
Box 5.1. Presidential Commission for the Study of Bioethical ISSUES ............cccceveiviiiiiiiiiiiiece 29
Box 5.2. Understandings of “Responsible Research and Innovation” ............cccocevviiiiiinnicnieniennns 32
Box 5.3. Examples of open, collaborative initiatives in brain science and technology............c.cc.ee.... 35
Box 6.1. FutureForum I: Rethinking HEalth ... 40
Box 6.2. Human Brain Project: The HBP Foresight Lab ..........ccccoovveiiiiicii e 42

OECD Science, Technology and Industry Policy Papers



NEUROTECHNOLOGY AND SOCIETY: STRENGTHENING RESPONSIBLE INNOVATION IN BRAIN SCIENCE | 5

Abstract

Large-scale research and development programmes in neuroscience are giving rise to a
host of new approaches, techniques and capacities to understand, read and intervene in
the human brain. Some of these technologies reframe how we understand mental health
and cognition, while others promise new applications for treating disease and even
enhancing human capabilities. These developments in neuroscience and associated
technologies have many ethical, legal and social implications including issues of product
safety, human enhancement, dual use, privacy, and human identity. There is broad
agreement among stakeholders that social aspects of brain research must be examined
alongside the scientific and technical ones. In fact, good ideas for achieving such
integration have emerged within the field of governance of emerging technology and
within the national brain initiatives themselves. This report identifies, and seeks to
address, key challenges for realising the responsible development of neurotechnology. In
particular, the report analyses frameworks and mechanisms for integrating social
concerns in the early development of technology, and discusses best practices for research
funders across the public and private sector.
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Executive Summary

Governments, funders, and companies around the world are making unprecedented
investments in brain research and the development of neurotechnologies. Cutting-edge
science and novel technologies developed under large-scale and multidisciplinary
research initiatives are already creating new pathways for influencing fundamental brain
functions. The translation of breakthrough research into tangible products with positive
impacts for society remains a critical goal.

Neurotechnologies also deserve attention from policy makers, scientists and society
because they deeply implicate conceptions of consciousness, autonomy, and other
capacities considered essential to humanity. For example, brain-computer or brain-
machine interface technologies have generated concerns among some stakeholders not
only about the potential benefits and risks of clinical use, but also about maintaining data
security and privacy. Also, advances in the area of neurostimulation have led to debate
about the acceptability of nontherapeutic improvements or enhancements of cognition
above baseline.

As advances in neurotechnology redefine what is possible, it will be important for
stakeholders to deliberate about the boundary between human beings and machines.
Innovation in brain science and neurotechnology raise a host of ethical, legal, and social
issues (ELSI) and governance questions. Usage of neurotechnological devices outside the
therapeutic setting is on the rise, and the line between therapeutic and non-therapeutic
applications is blurring.

There is broad agreement that neurotechnology must integrate ethics and the concerns of
society, and that it must be both responsible and responsive to broader publics. This
commitment has prompted major investments within national brain research projects to
explore ethical, legal, and social dimensions.

Some OECD countries are using both established and novel frameworks on science and
society to help ensure that neurotechnologies are developed for positive societal
outcomes. Clarifying potential problems ahead of time can open pathways for research
and development, and thus enable, not hinder, innovation. Further, new modes of open
science and open innovation can help foster collaborative forms of research and
commercialisation that incorporate the energy and ingenuity of broader stakeholder
groups of innovators.

Finally, research funders are especially well positioned to shape the trajectories of the
research and development of neurotechnology. Funding agencies, private investors and
foundations have unique responsibilities to place scientific work within social and ethical
contexts. It is an opportune time for funders to strengthen the array of approaches and
mechanisms for building a future that meaningfully engages human values, discuss
options to foster open and responsible innovation, and better understand the opportunities
and challenges for building joint initiatives in research and product development.
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Policy Implications

Key policy messages of the report are summarised here:

e A number of brain research and neurotechnology initiatives around the world are
engaging ELSI. While researchers have called for collaboration around key
scientific, technical and health challenges in brain science, policy makers and
funders would be well positioned to deepen international cooperation to anticipate
and address ELSI raised by emerging neurotechnologies.

o In particular, research funders might: strengthen synergistic work across science,
engineering, social sciences, and the humanities; support foresight and structured
deliberation among diverse stakeholders and experts; and promote
multidisciplinary education across the natural science, social sciences, and
humanities.

e Research funders, policy makers, academics, and civil society should foster
communication that avoids hype, both positive and negative, and discloses
interests in a transparent manner. Public conversations should start early during
scientific and technological development, avoid unrealistic promises, have a
strong evidence base, and help understanding amongst citizens. New fields of
inquiry such as “neuroethics” and “neurolaw” can help provide guidance.

e Coping with broader societal issues around neurotechnology should not be left to
the end of technology development, but occur further upstream and involve
scientists, policy makers, civil society, and other experts. “Anticipatory
governance” and “Responsible Research and Innovation” frameworks could help
guide policy makers, regulators, and civil society to clarify potential issues in
brain science and neurotechnology ahead of time and open pathways for
responsible innovation.

e The project of steering technology appropriately also requires the participation of
stakeholders, including the publics. Communication among regulators, scientists,
policy makers, patient advocates and the public will be critical and should occur
all along the trajectory of brain science, technological development and use.
There is now an array of tools available to guide public engagement activities.

e Open science and open innovation, including greater data sharing across projects,
new kinds of intellectual property (IP) licensing models, and platforms for
collaboration among a broad array of stakeholders, could build inclusive public
goods with benefits across the international community.

e The benefits of neurotechnology must address human needs both within and
across countries, and this should orient innovation. Priorities in brain research and
technology innovation are different in high income and developing countries, and
this fact helps underscore questions of research priorities and access in an
international landscape.

e Academic curricula and clinical environments should better integrate brain
research, social science, and the humanities in order to promote deeper
consideration of how to promote responsible development and use of emerging
neurotechnologies.
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Options for future work:

e Operationalising: develop a more structured policy approach for dealing with the
ethical, legal, social and economic implications of the different types of
neurotechnology in the context of individuals, shared societal values, health, well-
being, and sustainability, where appropriate. Apply concepts of anticipatory
governance and responsible innovation to help translate technological visions into
products with a positive impact on individuals and society. Use funding initiatives
to apply, monitor and assess the impact of responsible research and innovation
across brain science.

e Integrating responsible innovation: stakeholders may want to better understand
the opportunities of soft law, e.g. guidelines, best practices, references, in order to
support the integration of frameworks like anticipatory governance, responsible
research and innovation, and open science in the field of neurotechnology.
Guidelines might be needed that bring together brain science, technology
innovation, and society in an international and cross-cultural perspective.

e Opening up research and innovation: funders, agencies, academia, and business
should promote new modes of open science and open innovation that are
predicated on collaboration and transparency, and modes incorporating the goals
and needs of multiple stakeholders. Develop and implement cases of industry-
and academia-led initiatives that yield freely accessible research, and better
understand the potential benefits and obstacles of open business models in
emerging technology.

e Strengthening inclusiveness: better understand the needs, opportunities, and
capacities across and within countries in brain science and technology innovation.
Build on existing networks and funding initiatives in mental health to develop
affordable technologies for research and clinical use; build the critical mass of
trained specialists in order to provide sustainable health care. Much could be
learnt from demonstration projects on technology use adjusted to local contexts.

OECD Science, Technology and Industry Policy Papers
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1. Introduction

Mental and neurological disorders cause great human suffering, often remain untreated,
and impose significant costs globally, elevating the need to combat them to the highest
national and international policy levels (Insel, Collins and Hyman, 2015(y; Institute for
Health Metrics and Evaluation (IHME), 2016;; Jorm et al., 20173); Steel et al., 20144;
WHO, 2013;5). Population ageing, forced migration, and sustained conflict lead to a
further increase of the prevalence of mental disorders and related societal and economic
challenges that require immediate and scaled action across sectors and societies
(Bloom, 2011; Chisholm et al., 2016(7;; OECD, 2015(; OECD, 2016(9). It has been
estimated that the global costs of mental health conditions in 2010 were USD 2.5 trillion.
This number is expected to rise to USD 6.0 trillion by 2030 (Insel, Collinsand
Hyman, 20151;; OECD, 201410;; WHO, 2013[5)).

More than 25% of all years lived with disability and over 10% of the total burden of
disease is attributable to mental, neurological and substance use disorders
(WHO, 2013;5)). Mental and neurological disorders are projected to increase sharply in
line with demographic ageing and the globalisation of unhealthy lifestyles. Alzheimer’s
Disease International (ADI) estimates that 47 million people worldwide are currently
living with dementia, and that this number will almost double every 20 years, reaching
131 million people in 2050. Fifty-eight percent of all people with dementia live in
countries currently classified by the World Bank as low-middle income, where access to
health care remains a problem as a result of limited resources and inadequate
infrastructure. This proportion is estimated to increase to 68% in 2050
(Prince et al., 2016p117).

Advances in fundamental brain science and neurotechnology open new avenues in
improving the diagnosis and treatment of mental and neurological disorders. For these
reasons, governments, academia, industry and private foundations around the world have
made and continue to make unprecedented investments in brain science and
neurotechnology!. A plethora of national and international “brain projects” have sprung
up across the public and private sector (Grillner et al., 2016p12;; Yuste, Bargmann and
Wang, 201713). Many of these programmes operate as and through technology hubs and
large research networks, and are pioneering new forms of open science and open
innovation in order to increase our understanding of the brain, treat and cure disease, and
enhance our general well-being (Becerraetal., 201614;; Blumberger, Mulsant and
Daskalakis, 201315); Garden et al., 2016161; Giordano, 2012p17).

The interest in brain science and neurotechnology is also economic with potential in, for
example, healthcare, education, and information and communication technology. A report
by Evaluate (2016ys) features neurology as the fastest-growing device area, with a
Compound Annual Growth Rate? of 7.6% from 2015 to 2022. Sales in medical
neurotechnology are expected to reach USD 11.1 billion in 2022. In March 2017 two
accelerator programmes for brain technology start-ups, Israel Brain Technologies’ (IBT)
Brainnovations and NeuroLaunch, engaged in a partnership to foster investment,
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innovation, and international dialogue between US and Israeli entrepreneurs working in
the fields of neuroscience and neurotechnology.

Advances in neurotechnology are being driven in part by more general trends in the
convergence of biotechnology, nanotechnology, and information technology
(Vaseahta, 2012[197). The interface between scientific fields — e.g., molecular biology,
physical science, engineering, and clinical research — is endowing us with new capacities
to understand, manipulate, and enhance brain functioning (Donoghue, 2015p;). For
instance, powerful tools now make it possible to describe the molecular, biochemical and
physical function of a single neuron as part of a collective action across synaptic systems.

The rapid development of information and communication technology (ICT) will further
enhance tools to emulate brain function and improve the delivery of therapies, providing
stakeholders with a myriad of data that need to be assessed and translated into operational
principles, policies and guidance. Information technology is also helping people self-
manage their situation in new ways and enabling clinicians to manage much larger
numbers of people simultaneously.

All of these technological developments carry much promise. But they also raise
important ethical, medical, and regulatory issues (Farah, 2015p1; lencaand
Andorno, 201725). As brain science and neurotechnology have evolved quickly since the
early 2000s, dual-use concerns, cognitive enhancement®, memory manipulation, equity
and access have all drawn the attention of academic and policy-making communities. A
number of prominent public inquires on the topic have been conducted, including those
by the U.S. Presidential Commission on the Study of Bioethical Issues, the Nuffield
Council of Bioethics in the UK, the Committee on Bioethics at the Council of Europe,
and other national committee looking at ethics in medicine or life sciences. The unique
power of neurotechnology to engage questions of human identity, self-understanding and
the natural boundaries of cognition have begun to fuel research and ethical inquiry across
many jurisdictions.

There has been a broad call by researchers, social scientists, health experts, patient
organisations, and policy makers that these issues should be addressed as part of the
research agenda and used to inform, and shape, the trajectory of human brain research.
While there are some notable efforts to do so across the world, there have been few
opportunities to examine through which mechanisms and under which frameworks such
integration is being achieved — especially across scientific, ethical, and jurisdictional
borders. The OECD Working Party on Biotechnology, Nanotechnology, and Converging
Technologies (BNCT) initiated the project “Emerging Technologies and the Brain” with
the specific aims of fostering cross-sectorial dialogue and collaboration on the topic of
neurotechnology and society. As one key output of the project?, this report draws on
learning from a survey on government approaches to fund responsible research and
innovation in brain science and neurotechnology, an OECD workshop “Neurotechnology
and Society: Strengthening Responsible Innovation in Brain Science”, September 2016,
Washington D.C., United States, interviews and other research (Bowman et al.,(n.d.)ps;
Garden et al., 2016y167). As part of the workshop, the Forum on Neuroscience and
Nervous System Disorders of the National Academies organised a session that used non-
invasive neuromodulation as a case study to prompt further discussion about practical
concerns and opportunities related to integrating ELSI and RRI throughout research,
development, regulation, and use of new neurotechnologies, U.S. National Academies of
Sciences, Engineering, and Medicine (201724)).
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As a whole, the report reveals a common challenge among practitioners, publics, and
other stakeholders: how can social values be a guide throughout the innovation process?
Leaving policy engagement on the social challenges to post hoc regulation can be
restrictive, controversial, and burdensome. How can policy help societies envision
positive scenarios and implement mechanisms to encourage those to develop? Today,
many national and international programmes of research and innovation explicitly aim to
increase the interplay and overlap between scientific and societal issues at multiple
stages, including the phases of agenda setting and programme design. It turns out that
new, adaptive, and anticipatory frameworks for the governance of brain science and
neurotechnology innovation are emerging with and for technology (lencaand
Andorno, 2017p).

This report pools and analyses ideas to promoting the healthy interplay of science and
society. Chapter 1 and Chapter 2 survey emerging neurotechnologies and also national
research programmes. Chapter 3 reviews certain key ELSI around brain science and
neurotechnology. Chapter 4, Chapter 5, and Chapter 6 discuss governance frameworks
and mechanisms that are emerging to deal with these issues in the course of research and
development. Chapter 7 discusses the unique role of funders in different sectors.
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2. Advances in Brain Science and Neurotechnology

The large-scale brain research initiatives listed in Table 2.1 among others, are expected to
shed light on long-standing questions in brain research, medicine, and humanity. What
are, for example, the neural correlates of mind and consciousness? How do large
networks of nerve cells process information in healthy brains and what are the
pathological changes in injury and disease? How do disparate parts of the brain are co-
ordinated and work together? And how do you build computers in different and more
“intelligent” ways? The aims and possible future impacts of the major brain science and
neurotechnology initiatives differ in focus, see Table 2.1 (Brain Alliance Steering
Committee et al., 20162s); Grillner et al., 201612; Martin and Chun, 20162};
Okano et al., 20167;; Poo et al., 2016251). Some seek a more integrated understanding of
brain structure and function through information and communications technology, others
seek to build models of neural circuitry, and still others seek to develop new technologies
to engage brain function. In addition to national “brain projects”, there are international
collaborations and initiatives that link competences, knowledge and resources.

Yeung, Goto, & Leung (2017p9) recently published an analysis of the 100 most-cited
articles in neuroscience; the five major topics identified were:

1. neurological disorders;

2. the prefrontal cortex and associated emotion/ reward;

3. the brain network, including the resting state network;

4. brain mapping;

5. methodological aspects of functional magnetic resonance imaging signals.

To a greater or lesser extent, the major brain projects around the world have embraced the
development and use of neurotechnologies. Indeed, recent advances in tools and devices
have received significant attention from researchers, clinicians, industry, policy makers
and the wider public.® This attention can be attributed to their enhanced ability to monitor,
assess, and interfere with brain function and because of their potential to treat nervous
system disorders. For instance, some neurotechnologies aim to sense/ read (e.g. decoding
brain scans/ neuronal activity and deciphering what people see, hear, feel, and remember)
or stimulate/ write (e.g. memory modulation techniques) for research, clinical purposes,
and, potentially cognitive enhancement (Leeand Kuhl, 2016[:; Racine and
Affleck, 2016313; Robillard and Illes, 2016(s2; Smith, 2013[33)).

OECD Science, Technology and Industry Policy Papers
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Table 2.1. Some brain research and neurotechnology initiatives

Initiative and goal

Potential future impact

The Australian Brain Initiative (ABI)

Transform the Australian brain research sector into one that will deliver a
step change in our understanding of the brain, and in turn will offer
enduring social, health and economic outcomes for all Australians.

The Canada Brain Research Fund (Canada)

Accelerate the pace of Canadian brain research and nurture the next
generation of researchers in the field by supporting high-risk, paradigm-
changing ideas, innovative collaborations, and enhancing capability and
access to research platforms.

China Brain Project (People’s Republic of China)

Elucidate neural basis of cognition, to develop new diagnostic and
intervention approaches for brain disorders, and to develop brain-inspired
computing methods and devices.

Cuban Human Brain Mapping Project CHBMP (CUBA)

Achieve validated mesoscopic models of normal and abnormal brain
structure and function, with an emphasis on integration of multimodal
brain imaging modalities" importantly including EEG, fNIRS, and other
widely deployable technologies.

Human Brain Project, "HBP" (European Union, EU)

Achieve a multi-level, integrated understanding of brain structure and
function through the development and use of ICT.

Israel Brain Technologies (Israel)
Promote international collaboration and dialogue; to accelerate local
research, industry and innovation.

Latin American Brain Mapping Network (LABMAN)

Promote research and applications of brain mapping in Latin America.
The LABMAN initiative will be based on the coordinated exchange of
software, data, personnel, training and joint projects.

Brain Mapping by Integrated Neurotechnologies for Disease Studies,
"Brain/MINDS" (Japan)

Map the structure and function of neuronal circuits to ultimately
understand the complexity of the human brain.

Korea Brain Initiative (Korea)
Advance our knowledge of brain structure and function by development of
innovative technologies.

Blue Brain Project (Switzerland)

Build a supercomputer-based, digital reconstruction of the rodent, and
ultimately the human brain.

Brain Research through Advancing Innovative Neurotechnologies,
"BRAIN Initiative" (United States)

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

OECD Science, Technology and Industry Policy Papers

Create advanced industries in neurotechnology; develop treatments for
debilitating brain disorders; produce high-impact transdisciplinary
collaborations that will increase our understanding of the brain.

Keep Canada an essential collaborator and contributor to the global
effort to understand the brain and brain disorders. Develop and maintain
a large-scale Canadian network in Open Science and Data Sharing.

Basic understanding of neural circuit mechanisms 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.

Development of tools for early detection, classification, and management
of brain disorders with an emphasis on population based detection,
primary health care, and translational research. A closer, model based,
integration of clinical neurophysiology and neuroimaging.

Neuromorphic and neurorobotic technologies; supercomputing
technologies for brain simulation, robot and autonomous systems control
and other data intensive applications; personalised medicine for
neurology and psychiatry.

Mobile platforms to enable real-time, emotional and cognitive brain
activity interpretation; treatments and cures for ALS (amyotrophic lateral
sclerosis); implanted platform neurotechnology in Brain Computer
Interfaces, epilepsy monitoring, and neuromodulation.

Transfer of new scientific and technical knowledge from abroad. Foster
the scientific productivity of the region and increase the awareness of
local governments, international organisations and of the general public
of brain mapping results on potential. Organise multinational projects in
areas of special relevance to the region.

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 and to eventually develop
innovative therapeutic interventions.

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 for neurological disorders.
Neurorobotics and neuromorphic computing applications to better
understand the brain and to advance diagnosing and treating brain
diseases.

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
behaviour; data analysis tools to help understanding the biological basis
of mental processes.
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The field of neurotechnology is in a nascent stage and its impacts are still more
prospective than actual. But as a general matter, novel technologies have the potential to,
inter alia, promote better understanding of the natural processes of the human brain
(DeFelipe, 201534)); study, prevent and treat neurological disorders and injuries
(Moritz et al., 2016357); to advance evidence-based psychological therapy (Holmes,
Craske and Graybiel, 20143) and, to restore and enhance (augment) cognitive
capabilities (Gunson, 201237).

A number of neurotechnologies of high scientific and social interest are described below:

¢ Functional Imaging: capitalising on functional imaging and nanotechnology,
scientists are developing technologies that enable the dynamic monitoring and
assessment of complex neuronal structures with high spatial (number of pixels of
a digital image) and temporal (precision of a measurement with respect to time)
resolution. Applications in advanced functional and structural imaging could help
identify malfunctioning brain regions in order to guide therapeutic intervention.
Functional brain maps paired with individual genetic diagnoses will further
advance the way in which we describe and treat the human brain. Scientists aim to
understand better the links between the morphology of the human brain, healthy
function and disease. Early work by a Japanese ophthalmologist Tatsuji Inouye in
1909 on the identification and mapping of the human visual cortex laid the ground
for significant advances on brain imaging and mapping during the twentieth
century (Leff, 201535). Modern technologies, such as functional magnetic
resonance imaging (fMRI), positon emission tomography (PET), diffusion-
weighted magnetic resonance imaging (DW-MRI), and genomics have provided
significant improvements in brain mapping exercises (Glasser et al., 20163q).
Today brain atlases are mainly used to describe the spatial organisation of
neuronal structures, to guide neurosurgery, as a reference for information about
behaviour and consciousness. The future use of neuroimaging as a tool for
prognosis will require a deeper understanding of the structure and physiology of
the brain. Of note: the Allen Human Brain Atlas offers the first freely available
multimodal atlas of gene expression and anatomy of the human brain (Shen,
Overly and Jones, 2012pq).

e Neurostimulation devices: non-invasive neurostimulation has been used in brain
research for studying the physiology of the CNS, identifying the functional role of
specific brain structures and, more recently, exploring large-scale network
dynamics. Repetitive Transcranial Magnetic Stimulation (rTMS) has shown
clinical efficacy for the treatment of major depressive disorder (MDD) and it has
received regulatory approval for that indication®. There is a great variety of new
Transcranial Direct Current Stimulation (tDCS) devices — often developed and
marketed by an amateur community, despite existing regulatory oversight in some
countries and regions — with some effects on the brain, neurologic disorders,
physical performance, largely unproven health claims and risks
(Bourzac, 2016p41;; Brunoni et al., 201642; Palm et al., 2016p3; Smith, 2017 4;;
Wexler, 2015p5;; Wexler, 2016p¢;; Williams et al., 2017p477). However, recent
studies suggest that tDCS may have a beneficial effect on, for example, cognition,
rehabilitation, and physical performance (Ruf, Fallgatter and Plewnia, 2017 sg;
Torrente, Gigliaand Di Stefano, 2017p9; Williams et al., 2017p477). Research
should provide further data about the potential link between neurobiological
mechanisms and behavioural effects in order to enable evidence-based decision-
making in efficacy, safety and effectiveness (Giordano et al., 2017s0;). Funders
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such as the Brain Canada Foundation, through the Canadian Brain research Fund,
supports this type of research with, for instance, a CAD 10 million project
awarded in 2014 aimed at preventing Alzheimer’s dementia using brain
stimulation associated with cognitive remediation.

e Optogenetics: optogenetics includes engineered, optical control and readout of
neurons to observe, and control, their connection and function
(Welkenhuysen et al., 2016s1;) and light to manipulate neural activity in
genetically or functionally defined neurons with millisecond precision. So far
optogenetics have been used in small, animal models; application in humans
would require a set of highly invasive medical procedures—including genetic
engineering of neurons, widespread and cell-specific viral expression, and deep
light transmission through brain tissues (Tung, Berglund and Gross, 2016ys2).
However, it would appear that optogenetics have the potential to be a powerful
tool for investigating the causal links between neural cells, networks and
behaviour. It is anticipated that future work will expand brain science into the
emotional realm, elucidating new facts about neurodegenerative diseases,
behaviour and thought (Kravitz and Bonci, 2013s3)).

e Neuromorphic computing: neuromorphic computing (also known as
neuromorphic engineering or neuromorphic systems (Mead, 1990(s4)) is based on
the approach of modelling biological nervous systems and brains. It aims to
understand biological mechanisms of how neurons collectively react to stimuli in
order to build chips and computers that resemble brain structures—ultimately
enabling artificial intelligence (Al) systems through faster computing, lower
power consumption, and smaller footprint than Neumann Architecture computers
(Schuman et al., 2017s5;; Wright, Hosseini and Diosdado, 2013(s6;). Neural
networks have been applied to, for example, the analysis of images, speech, and
data. Tuma et al. (2016s7) recently built an artificial neuron based on high speed
and low energy nanoscale phase-change devices.

o Artificial Intelligence: Al aims to mimic, enhance, and ultimately surpass human
cognitive skills by the means of advanced computer science. Because of the
potentially disruptive nature of Al future impacts on societies remain unclear. To
date Al-like systems do not yet possess the intellectual fluidity to infer, morally
judge and decide in the conventional human sense; true Al would be able to learn
and improve on past iterations — enhancing capabilities over time. However, due
to the significant rise in computer power, the growing abundance of digitally
available data, “deep learning” systems that mimic neuronal layers of a brain, and
technology convergence, artificial general intelligence may someday become
reality in our society. Even though more complex simulation of neuronal
networks of human brains might show some sort of intelligent behaviour in the
future, the difference between intelligence and consciousness should be noted.
Despite the distant potential of artificial general intelligence, Al is currently used
in narrow applications. In recent years the Al field has made rapid advances in a
range of areas, such as biomedical research, surgery, self-driving cars, machines
that understand speech, gaming, and new generation of weapons systems that
threaten to automate combat. Ethicists, health care professionals, and patient
organisations are engaged in the social implications of humanoid robots in health
care and services. Here the fundamental question is how implement fundamental
human values into human-robot interaction (Lemaignan et al., 2017sg;; Ramirez-
Amaro, Beetz and Cheng, 2017sq;; van Wynsberghe, 2013sq).
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e Brain-computer interfaces: brain-computer interfaces (BClIs) attempt to restore
lost independence and control for people who are paralysed. In general terms, a
BCI is a device that enables communication without movement, which has been
demonstrated in small, proof-of-concept trials in humans with varying paralysis
(Brunner et al., 2015(1;; Pandarinath, Nuyujukian and Blabe, 2017s2). BCls
sense and decode neuronal activity patterns by external devices — linking the
commands of our thoughts to external devices. Brain-computer or brain-machine
interfaces can also enable hands-free device control and user-state monitoring,
which can be useful for automobile drivers, pilots, astronauts and others engaged
in focus-demanding tasks (Ramadan and Vasilakos, 20173); Shih, Krusienski and
Wolpaw, 2012(4). One of the more exciting possibilities for brain-machine
interface is to restore locomotion in paralysed individuals, as has been shown in
monkeys (Capogrosso et al., 2016(s)). Research in  bioelectronic medicine
(miniaturised devices, also referred to as electroceuticals) aims to analyse and
modulate electrophysiological activity in the body for diagnostic and therapeutic
purposes (Birmingham et al., 2014¢;; Seo et al., 201667).

e \Wearables: in parallel to the developments in clinical neurotechnology, the
sector of wearable, personal neurotechnology with diagnostic and therapeutic
purposes is rapidly growing (Haghi, Thurow and Stoll, 2017g). Personalised
health technologies could enable consumers and physician to track health
information, deliver precision medicine, and monitor therapeutic efficiency
(Christie, Patrick and Yach, 2016(). Increasing capabilities of graphical
processing units (GPUs), smaller transistors and deep-learning applications have
led to larger and more complex information sources in brain science that require
closer collaboration between previously distinct research groups. These health
technologies have, and shall continue to, evolve at the intersection between
stringently regulated therapeutics with premarket oversight and broader, loosely-
regulated, consumer products with post-market surveillance. In doing so, their
entry into the market raises a myriad of societal and legal questions. Schiill
(2016(707) argues that “by offering consumers a way to simultaneously embrace
and outsource the task of lifestyle management...such products at once exemplify
and short-circuit cultural ideals for individual responsibility and self-regulation.”
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3. Ethical, Legal, and Social Aspects of Neurotechnology

Neurotechnology is an area of exceptional importance for social and ethical reflection
because of its unprecedented potential impacts to humans, health, societies, and their self-
understanding.” If the brain constitutes, as some believe, the core of who we are, then
these new neurotechnologies may be unique in their power to engage and even change
our identity, self- understanding and our core human functions such as cognition.
Inattentiveness to ethical, legal, social, and safety aspects of new technology could not
only lead to bad social outcomes, but also breed resistance and distrust in society.
Furthermore, and as a consequence, neglect of these issues may impede the uptake and
diffusion of innovation (Shaneyfelt and Peercy, 201271;).

In response to these issues, some of the national brain projects have developed dedicated
ethics components of their work (Greely, Ramos and Grady, 2016(73;; Evers, 201673;). For
example, the EU’s Human Brain Project (HBP) features an “Ethics and Society
Subproject” that aims to foster responsible research and innovation by promoting
engagement with decision-makers and the general public; and by raising social,
philosophical and ethical awareness among project participants (Aicardi,
Reinsborough and Rose, 2017747). Another example is the Neuroethics Division of the
NIH BRAIN Multi-Council Working Group, which recommends approaches for how the
NIH BRAIN Initiative might address ethical issues in neuroscience research. These
efforts within brain science projects are devoted to ensuring ethical research practices
and/ or supporting the simultaneous investigation of ethical, legal and social aspects of
brain science.

There are a large number of shorter-term and longer-term concerns around developing
neurotechnology (lenca and Andorno, 2017p2,7). A sampling of these issues, and current
efforts to cope with them, is related below. These range from immediate questions of how
to handle the risks of new devices, to questions of human enhancement and inequality.
Emerging technologies raise different kinds of questions for governance. For example,
innovation in the field of brain-computer interfaces (BCI) has generated concerns among
some stakeholders not only about the potential benefits and risks of clinical use, but also
about maintaining data security and privacy (Clausen et al., 2017s5;; Christie, Patrick and
Yach, 2016s9;). Additionally, neurotechnology may be used non-clinically in legal
contexts for purposes such as pain detection (Davis et al., 201776;) and lie detection
(Greely and Illes, 2007[77). Such uses raise a host of legal and ethical concerns and
warrant further attention (Davis et al., 20177; Farahany, 20127s; Wolpe, Foster and
Langleben, 200579). Early detection of diseases may also have legal implications, for
instance related to insurance coverage (Preston et al., 2016gq).

3.1. Regulation of safety and efficacy
Without regulatory oversight, there may be potential bodily and psychological harms to

patients and consumers using stimulation devices, cognition-enhancing drugs, and other
neurotechnological products. There are also issues about protecting consumers from false
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claims. By better ensuring the safety and efficacy of what does appear on the market,
regulation helps create public trust in these new techniques, and a more stable platform
for innovation.

Regulation is prevailing governance mechanism meant to balance the risks of
technological products with the significant potential benefits of neurotechnologies —
especially the relief of mental disorders. Pharmaceutical and medical device regulation
are leading areas of regulation. There is no easy shorthand for what is risky and what is
not. Neurotechnologies are categorised into invasive (inside the head/body) and non-
invasive (outside the head/body, on the skin) tools and procedures. However, invasive
and non-invasive procedures do not necessarily equal higher or lower risk. At present
time non-invasive neurotechnologies receive significant (public) attention due to their
relatively simple set-up, often bold claims and low cost, but may carry as much risk as
invasive measures.

There is debate about regulatory approaches to consumer products for cognitive
enhancement (Antal et al., 2017g;; Blank, 2016(s2;; Edwards et al., 2017s3); Fitz and
Reiner, 2015s4;; Kuersten and Hamilton, 2014gs; Maslen, 2016se;; Wexler, 2016s)).
Risks of neurotechnology use might include insufficient authentication mechanisms to
prevent exploitation of privacy information; inadequate safety design; neurological and
psychiatric side effects; lack of efficacy, unproven health claims (Amadio and
Boulis, 2015;7;  Bikson et al., 2016ss;; Buhmann et al., 2017s;; Camara,  Peris-
Lopez and Tapiador, 2015;; Gilbert et al., 201791;; Matsumoto and Ugawa, 201792);
Pham et al., 2015(q3;; Pycroft et al., 201694; Shaneyfelt and Peercy, 2012(71;). As stated by
Shen (201695); 20171967) recent examples of lawsuits in “brain training tools”, growing
interest by regulators in cognitive enhancement neurotechnology, and the wider use of
cognitive enhancement technologies in general public, sports, and education create
important questions for policy makers, legal actors, scholars and manufacturer.
Furthermore, existing regulatory processes and regulatory science® are sometimes seen as
unsuited to the rapid development in technologies and practices (Institute of
Medicine, 2011j97; Marchant, Allenby and Herkert, 2013;9s); Roehr, 2014oq)).

3.2. Enhancement

There is arguably less concern about the augmentation of cognition for therapeutic
purposes, such as restoring brain functions after a stroke or traumatic brain injury, than
establishing a new normal baseline of cognitive capacity amongst selected individuals in
education, business, and conflicts. In fact, the term “cognitive enhancement” has been
primarily been used in a therapeutic context of mental disorders and to address symptoms
of ageing  (British  Medical  Association, 2007[100);  Ferrari,  Coenen and
Grunwald, 20121017). The synergistic nature of brain science, and large financial
investment, means that new paradigms and technologies for enhancing humans are likely
to develop. The traditional goal of biomedicine is the development of therapies for the
treatment of disease. But the same drugs and approaches developed to treat illness might
also be used to enhance typical cognitive functioning. Indeed, research results indicate a
possible improvement of some aspects of cognition above baseline (Coffman, Clark and
Parasuraman, 2014102;; Lefaucheur et al., 2017103;; Scheldrup et al., 20141047), however,
guestions regarding the underlying neurobiological mechanisms, effectiveness and
reliability under real world settings remain to be addressed (Chrysikou et al., 2017105
Horvath, Forte and Carter, 2015p10g]; Lefaucheur et al., 2017103,
Mancuso et al., 2016p1077). Questions arise, for example, regarding: how best to balance
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the risk and ethical responsibilities of human enhancement applications with therapeutic
opportunities? Where are the boundaries and who decides what is “typical” cognitive
function? Will cognitive enhancements wield unfair advantages and imbalance power;
what government public policy or regulation might be in place to protect society? These
questions are a snapshot of the array of challenges arising from the field of brain science.

On top of this, there is evidence of concern among publics regarding enhancing human
capabilities. A 2016 Pew Center Survey (Funk, Kennedyand Podrebarac
Sciupac, 2016y10g7) of 4726 people found that Americans expect continued scientific and
technological innovation, broadly speaking, to bring helpful change to society. Regarding
the use of emerging technologies for brain enhancement, 68% of Americans were not
supportive, with only 32% supportive. Overall the survey findings suggested that
Americans acknowledge the positive effects of science on society, however, results also
indicate wariness and worry about using gene editing, brain chip technology and synthetic
blood for human enhancement. For example, 73% of the respondents worry about rising
inequalities due to the possible future use of brain chips. These findings are in line with a
report by Stupple-Harris (2015100) about public attitudes towards Human Enhancement
Technologies (HET), for example, physical performance enhancing drugs, life-extension
technologies, deep brain stimulation, and whole brain emulation. Authors conclude that
there are significant moral, ethical and safety concerns with which policy makers must
engage in order to ensure responsible research and development in this field.

Examples of areas potentially impacted by future developments in cognitive
neurotechnology are: law, human rights, humanity, resource needs, opportunity costs,
health and safety, ownership and IP, privacy, national security, equality, morality and
religion, competition. These aspects potentially give neurotechnology different ethical,
legal, and social dimensions than other emerging technologies. Questions arise around
ELSI of cognitive enhancement, for example:

e What government public policy or regulation will be needed in the future to
realise opportunities and manage unintended uses?

o How best to balance the risk and ethical responsibilities of human enhancement
applications with therapeutic opportunities and wellbeing?

o What are the ethical, legal and regulatory aspects of ex-vivo human brain tissue?
e  Where are the boundaries and who decides what is “normal” cognitive function?

o Will cognitive enhancements wield unfair advantages, imbalance power, and
discrimination; should parents, for instance, have the right to give their children
substances to stimulate their scholarly achievements, with inherent risks and
parallels to doping in sport?

3.3. Human-machine continuum

Neural implants, brain computer hook-ups, and other engagements of brain and machine
(even iPods and their users) intertwine the capacities of human being and computers. This
interface may enable new kinds of human activity. But it makes the assessment of the
ethical limits of enhancement more difficult and raises questions concerning free will and
moral responsibility (Schermer, 200911g7). Rapid developments in neuroscience require
innovative legislators in order to advance public policy and better link science and society
(Shen, 20169s)).
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There is, unquestionably, a need to consider the opportunities offered by novel
neurotechnologies, along with the potential impacts on human dignity, privacy, and
equity. What is new, with the convergence between brain sciences, neurotechnology and
ICT, is the consideration of the impact of integrating humans and machines into
networked systems. According to Christine Aicardi®: “legal provisions around technology
in general are still very “product focused”, i.e. looking at individual products in isolation,
and not as potential system components. This is another layer of application that requires
ethical, social, philosophical and legal attention”.

3.4. Artificial Intelligence (Al)

From automated assistants to driverless cars, Al stands poised for rapid growth and has
the potential to transform society, a view shared widely in science ministries. One
example is a recent major investment of CAD 125 million made by the Government of
Canada toward a Pan-Canadian Al Strategy to promote collaboration among Canada's
main centres of Al and deep learning in Montreal, Toronto-Waterloo and Edmonton.
They also raise an entire range of ELSI that are noted by public commentary and
governments alike. Optimists and advocates have argued that Al can both stimulate
innovation and boost economic productivity, and perhaps improve the human condition
more broadly. OECD research suggests that “big data used to feed machine learning
algorithms can boost industries including advertising, health care, utilities, logistics,
transport, and public administration” (OECD, 2017111;). Pessimists disagree, and
sometimes violently so: for Professor Stephen Hawking “Al could be the biggest event in

our civilisation but it could also be the last unless we learn to avoid the risks”.*

Indeed, concerns about the risks, benefits, and ethical issues associated with these
technologies appear to be growing. Among the general public, concerns about the
potential for Al to displace certain types of work are salient (Smithand
Anderson, 20141127, as are safety issues (Marks, 2016q113). A recent poll in Britain found
that one in three people believe that the rise of Al is a threat to humanity (British Science
Association,(n.d.)p14).

Al-enabled robotics and neural networks animate questions around human life, changes
in job distributions, over-dependence on robots and the possible de-humanisation of
society (Deng, 2015p115); Ishihara and Fukushi, 2010p116;; Solis and Takanishi, 2010j117),
for example:

o What systems of moral responsibility and ethical behaviour could be built into
robots in order to manage for example, conflicts involving autonomy, harm and
benefit to a patient;

e How to monitor and assess the safety and appropriateness of human-robot
interactions;

e How will the introduction of Al systems alter the structure of society and
influence our understanding of humans and what will be the impact on cultural
diversity or pluralism?

In this vein Julia Bossmann (President, Foresight Institute) noted that “We shouldn’t
forget that Al [artificial intelligence] systems are created by humans, who can be biased
and judgemental”.!! In an attempt to help ethically sound research and development in the
field of robotics The British Standards Institute has issued a “Guide to the ethical design
and application of robots and robotic systems”.'? Focussing on healthcare robots (van
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Wynsberghe, 2013(s0;; van Wynsberghe, 201611g)) proposes a framework for the ethical
evaluation of care robots: “care centered value sensitive design” (CCVSD).

3.5. Issues in education

Neuroscience is deepening the knowledge base of what constitutes learning as a central
aspect of human and social life, and in ways which cut across the different institutional
arrangements in education. It helps developing the means for revealing hitherto hidden
characteristics in individuals, which may be used for remedial purposes — to overcome
reading problems or dyscalculia for instance. Eventually, they may also be used to select
or improve performance or exclude, raising a raft of thorny ethical issues. Also,
neuroscience informs how best to design and arrange educational practices, especially as
regards the match between findings on how best learning takes place and when, on the
one hand, and how education is conventionally organised, on the other. However, despite
the potential of a neuroscientific approach to education it also runs the risk of creating a
system which is excessively confirmative; a reciprocal relationship should be established
between educational practice and research in order to ensure a continuous, bi-directional
flow of information and support educational practice (OECD, 2002p1197). Authors
conclude that neurotechnology innovation and policy development should be
accompanied by adequate medical education and training at a variety of levels, sensitive
to the individual needs of stakeholders and society, and through a diversity of resources
(Anderson and Giordano, 2013[1207).

Key contributions by neuroscience and neurotechnology to education may help better
understand certain learning difficulties, improve learning, and open up new avenues to
potentially halt the decline of ageing (Meinzer etal., 20141213; Summers, 2016122)).
OECD (2002[119)) lists the following key messages and themes for the future:

e Educational neuroscience is generating valuable new knowledge to inform
educational policy and practice;

e Brain research provides important neuroscientific evidence to support the broad
aim of lifelong learning;

e Neuroscience buttresses support for education’s wider benefits, especially for
ageing populations;

e The need for holistic approaches based on the interdependence of body and mind,
the emotional and the cognitive;

e Understanding adolescence — high horsepower, poor steering;

e Better informing the curriculum and education’s phases and levels with
neuroscientific insights;

e Ensuring neuroscience’s contribution to major learning challenges, including the
“3Ds”: dyslexia, dyscalculia, and dementia;

o More personalised assessment to improve learning, not to select and exclude.
3.6. Perspectives on low- and middle-income countries

There is broad agreement that responsible innovation should be inclusive, i.e. widely
shared both in terms of process and benefits across gender, class, and geographical
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region. There is a higher prevalence of mental disorders among the vulnerable®® and poor:
almost 75% of the 650 million people worldwide are estimated to meet diagnostic criteria
for common mental disorders live in in low- and middle-income countries (LMICs);
more than 75% of those have no access to mental health services; the mean government
mental health expenditure per capita in 2013 was less than USD 2 in LMICs and more
than USD50 in high-income countries (Insel, Collinsand Hyman, 2015;;
Lundetal, 20115123; World  Health  Organization, 2013124;;  World  Health
Organization, 2015125)). And even within higher income countries, there are similarly
vulnerable and poor populations. Whether and how funding of brain science and
neurotechnology research are optimal public health investments for populations around
the world is an important issue as frameworks for health like the Sustainable
Development Goals are operationalised.

Questions of who pays for advances in brain science, and who benefits, and whether
existing structures satisfy criteria of equity across jurisdictions represent key issues for
the future of neuroscience. Brain science offers significant opportunities for health and
wellbeing, and so there is arguable an increased mandate to share the benefits of this
work with as large a segment of the global population as possible, given the centrality of
the brain to human capacities (Goering and Yuste, 2016126)). Findings from research
centres in industrialised countries may not be directly applicable to LMICs.'® There is a
belief in the start-up sector that although novel, quality technologies come with a high
price tag when entering the market, diversification of manufacturers, the development of
public-private partnerships and simplification of technology help access to innovation in
LMICs.1®

The inadequate availability and training of medical professionals (and especially mental
health specialists) across regions and economic statuses represents a significant barrier to
innovation. Stakeholders, such as the WHO (2013[24)), the Latin American Brain
Mapping Network (LABMAN)*, and National Academies of Sciences, Engineering, and
Medicine (20161277), aim to, for example, identify possible practical implications of
human brain projects in decreasing the burden of mental, neurological and substance use
disorders, especially in LMICs. Another goal is to shape the global research agendas and
stimulate training and exchange programmes in brain science for public health gains in
industrialised and LMICs.

Here, LABMAN could serve as an example of how neuroscientists and other stakeholders
work together internationally to help the introduction of novel neuroimaging technologies
in the region. The project is designed to have an impact on primary health care under
conditions of scarce resources and innovation gaps, for example (Uludag et al.,
2009[175]):

e Lack of critical mass of trained specialists within any single country;

e Insufficient public perception of the magnitude and public health importance of
brain disorders;

e Historical bias in the regions towards molecular and cellular neuroscience with
insufficient development of systems neuroscience research geared to serve as a
bridge to clinical applications;

e Unequal and sometimes sparse presence of equipment and specialists with
adequate training;

¢ Limitations in coverage of health systems and public awareness.

OECD Science, Technology and Industry Policy Papers



NEUROTECHNOLOGY AND SOCIETY: STRENGTHENING RESPONSIBLE INNOVATION IN BRAIN SCIENCE | 23

3.7. Communication and hype

In order to ensure that the science and its advances are not oversold, evidentiary standards
must be developed and upheld by policy makers, scientists and industry. Why exactly
does neurotechnology deserve so much attention, and should it across the board?8
Another question is how do users like clinicians and patients know if the new tools for
health or wellbeing actually work as described? Where regulation does not yet exist, what
can policy makers do to provide the required evidence about a product safety and
efficacy? Much can be learned from other scientific domains and advances, but unique
aspects of the human brain still remain that make it “different” and therefore subject to
excitement as well as hype. There is also a role to be played here by patient advocate
groups, health insurance companies, and other relevant parties.

Popular media is full of colourful brain images, complex and ambiguous answers used to
illustrate stories about neuroscience. The public understanding is filtered through
representations like these, and they can often mislead in terms of the level of certainty, or
clarity, of particular findings and associations. For these reasons, the public
representation and communication of brain science work might require extra attention by
policy makers and scientists (Clausen etal., 201775;; Martinand Chun, 2016p)).
Misinformation is a strong possibility where scientific work potentially carries major
social implications (for example, work on mental illness, competency, intelligence, etc.).
Neuromyths can be founded on misunderstandings, misinterpretations, distortions of
research results, and, in some cases, a “deliberate warping of the scientifically established
facts to make a relevant case for education or for other purposes” (OECD, 2002[11g;
OECD, 2007112¢7). Some are deeply rooted in public believes and media, for example: the
believe about inborn differences in “left/right brain” activity between men and women;
the misconception that we only use 10% of our brain; the myth that there is a visual,
auditive and a haptic type of learning (OECD, 2007}12¢;; Rose and Rose, 2016}129)).
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4. Neuroethics and Neurolaw

Issues such as off-license consumer use, generating regulatory science for controversial
applications, and cognitive enhancement are currently not well established in many
regulatory systems. Furthermore, in some countries, it is not normally the role of health
and safety regulators to engage in philosophical inquiry, or engage in technological
foresight activities that explore and anticipate challenges, although some regulatory
agencies and authorities do plan for emerging technologies. New fields of inquiry and
scholarship have emerged over the last 10-15 years or so that can provide some assistance
in thinking about these issues. Work from these fields can help enrich the regulatory and
policy discourse around neurotechnology.

4.1. Neuroethics

Emerging at the start of the 2000s, the academic field of neuroethics deals with the
neurological and ethical, legal and social implications of neuroscience in research,
technological application, moral cognition, and society (Fukushi, Sakuraand
Koizumi, 20071305; Giordano, 2012p177). As pointed out by Greely, Ramos, & Grady
(2016(72) and by Shaneyfelt and Peercy (2012[713) much can be learned from other
scientific domains and from the field of bioethics, but, unique questions and issues
remain. In order to enable the development of adequate and effective policies there is a
need to pinpoint the key questions and/ or issues associated with brain science and
neurotechnology within ethical, legal, and social domains. For instance, with the rapid
development of Al, some researchers are now working on ELSI related to robotic
technologies and Al.

Research networks on neuroscience and society are springing up across the major
geographical areas of the OECD, for instance:

e The International Neuroethics Society (USA): an interdisciplinary group of
scientists, ethicists, medical professionals, lawyers and judges, educators, policy
makers and other stakeholders to forge connections and collaborations across
scientific disciplines, business sectors, government agencies and non-government
institutions, enable education, training and mentoring opportunities to strengthen
neuroethics, and engage in public forums and discussions with citizens,
journalists and experts. (http://www.neuroethicssociety.org/)

e The Neuroethics Research Group of the Strategic Research Program for Brain
Sciences (Japan): established by the Ministry of Education, Culture, Sports,
Science and Technology (MEXT) in 2008, it supports research on human brain
function and helps public engagement and understanding in brain research.
Developed guidelines addressing ethics-related issues around ‘non-invasive
research on human brain function”. (http://www.jnss.org/en/quideline/rinri/)

e The Oxford Centre for Neuroethics (UK) is funded through the Wellcome Trust’s
Biomedical Ethics Strategic Awards programme and aims to establish
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neuroethical research in the UK, and to encourage the development of new
methodologies, interdisciplinary work, and the training of students and fellows.
(http://www.neuroethics.ox.ac.uk/home)

Greely et al. (201672;) define neuroethics as a “recent area of inquiry concerned primarily
with the provenance and implications of knowledge about the brain, and the use of such
knowledge to treat, manipulate, and possibly enhance brain function”. Giordano
(2015y1317) suggests a preparatory approach to understand the neuroethical implications of
neurotechnologies. The proposed system includes a structured analysis of the
neurotechnology or intervention (Table 4.1) and is based on the: appraisal of the actual
capabilities and limitations of the tools and techniques at hand; definition the domains
and dimensions that new techniques and technologies will influence; qualitative and
guantitative modelling to plot benefits, burdens, and risks as accurately as possible; and
assessment of what can and should be done to mitigate risks and harms while maximising
benefits.

Table 4.1. A preparatory approach to understand ethical implications of neurosciences

Essential questions (the “six Ws”) and characteristics (the “six Cs”) in neuroethics.

Six questions (“six Ws”)

1. What types of techniques and technologies are 1.
available for current use, and what are their defined
benefits and known and potential burdens and risks?

2. Why are specific techniques and technologies being 2.
considered or advocated for use, and why and how
can technical capabilities affect identified substrates of
neurological and psychiatric disorders and conditions
that require treatment?

Six characteristics (“six Cs”)

Capacities and limitations of the neurotechnology and
neurosurgical intervention in question;

Consequences that will be incurred by patients,
patients’ families, and society as a result of the
intervention in the short, intermediate, and long-term;

3. Who will receive these neurosurgically administered
interventions (i.e., which disorders and conditions are
to be targeted, which specific patients will be
candidates for such interventions)?

4. When will neurosurgically administered interventions
such as deep brain stimulation (DBS) be considered
within a therapeutic algorithm or protocol? Will (and

Character of the patient (e.g., patterns of cognition,
emotion, and behaviour) that could be affected by the
intervention;

Continuity of clinical care for any and all adverse or
undesirable effects and manifestations of the
intervention (including multidisciplinary approaches, or

how will) factors such as age and comorbidities be
considered in making such decisions?

5. Where will these techniques be practiced (e.g., large 5.
medical centre “hubs,” private practice clinics,
specified research-based trials)?

6. Which funding mechanisms will be employed to 6.
subsidise equitable provision of resources and
services necessary for both the intervention and any
subsequent care that may be required?

repeated neurosurgery to alter or reverse the initial
treatment);

Consent based upon the provision of the greatest
extent of information possible;

Contexts of culture and circumstances that may affect
the aforementioned variables.

Source: (James Giordano, 2015q1317)

4.2. Neurolaw

The field of neurolaw, an interdisciplinary field that connects neuroscience achievements,
legal studies, and moral values, has gained much attention and legislators are increasingly
discussing possible applications of neurotechnology in court rooms and policy
(Petoft, 2015p1327). It looks back to a centuries-long conversation between brain science
and law: the medico-legal dialogue of the nineteenth century, the introduction of
electroencephalography into the law starting in the 1950s, the controversy over
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psychosurgery in the 1960s and 1970s, and the introduction of neuropsychological
testimony in the 1980s and 1990s (Shen, 201796); Miller, 2009 133)).

Major on-going efforts in neurolaw in the US are, for example: the MacArthur
Foundation Research Network on Law and Neuroscience “addresses a focused set of
closely-related problems at the intersection of neuroscience and criminal justice:

e Investigating law-relevant mental states of, and decision-making processes in,
defendants, witnesses, jurors, and judges;

e Investigating in adolescents the relationship between brain development and
cognitive capacities;

e Assessing how best to draw inferences about individuals from group-based
neuroscientific data.”® Second, the Center for Law, Brain and Behavior (CLBB)
at Massachusetts General Hospital promotes the sound translation of brain-based
and behavioural science into law, finance, and public policy.?
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5. Frameworks for Neurotechnology and Society

The governance of neurotechnology presents the dilemma of implementing rigid forms of
governance that could hinder innovations and societal benefits. However, if one waits
until technologies are fully developed and marketed before engaging governance, it might
already be too late to contain social harms or to direct innovation to even more beneficial
societal ends (for example, Collingridge (1980;134))).

Like other emerging technologies, neurotechnologies tend to raise specific policy
concerns (lenca and Andorno, 2017p,7). Addressing longer-term issues is a significant
challenge in this field: the societal and economic implications of research and innovation
in brain science cannot be predicted and long-term impacts on populations, health
systems, business and society are uncertain.?* In such conditions of uncertainty, existing
regulatory and other governance mechanism manage the risks and benefits of immediate
activities, but may fail to address long-term concerns.

Further, emerging technologies often operate as platforms for a variety of follow-on
work, raising potential concerns about inefficiencies and monopolies in certain scientific
areas. For instance, in the field of stem cell research and gene editing, certain
foundational IP arguably inhibited technology diffusion to start-up companies
(Egelie et al., 2016135); Loring and Campbell, 20061136)). The same was arguably true in
the early days of agricultural biotechnology (Graff and Zilberman, 2001[:377). In areas of
emerging science and technology, there may be a more important role for public policy
for helping to coordinate diverse actors in order to facilitate collaborative forms of work
both in and across the academic and commercial sectors.

How can research and development be structured so that the ethical, legal and social
aspects, and the issue of public acceptance, are not left to the very end of the development
process? Currently, there are practices in brain sciences designed to meet this challenge,
and these are turned to below in the subsequent chapters. Some programmes of research
and innovation are drawing on new frameworks for increasing the interplay and overlap
between science and society as emerging technologies, as their products develop. Just
how social concerns and aspirations might steer the trajectory of these technologies
towards positive rather than negative outcomes has become the focus of a number of
frameworks for the productive engagement of science in society, and society in science
(O'Connor, 2013p13g;;  OECD, 2012p13g;  Stilgoe,  Lockand  Wilsdon, 2014 14q).
Importantly, there has been an evolution in this work from imagining governance,
especially reflexive governance (Maesschalck, 20171413; Pellé and Reber, 2016(142;
Reber, 2017}1437), as a means of limiting technological risk narrowly speaking, and even
closing down innovation, to one in which governance can enable innovation by clarifying
uncertainties and providing mechanisms that build public trust.

The rest of Chapter 5 analyses normative frameworks operating either in the context of
brain science or in analogous fields, drawing out useful concepts and elements for
communities in policy, science, the business sector, and civil society. In particular, three
such frameworks are discussed: Anticipatory governance, Responsible Research and
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Innovation (RRI), and Open Science/Open Innovation. In subsequent chapters, modes and
mechanisms of putting these frameworks into practice will be discussed, as well as the
uniquely powerful role of funders in operationalizing them.

5.1. The challenge of integration

Researchers, policy makers, and ethics bodies tend to reference “integration” as a core
challenge for proceeding well in the arena of neurotechnology. Forms of integration cited
include, (i) the promotion of synergies within the R&D process between work on the
technical side with the social sciences and humanities such new design principles and
goals might emerge??; (ii) the integration of diverse communities of practice and publics
in conducting foresight exercises and public deliberation; (iii) the integration of multi-
disciplinarity across the natural science, social sciences, and humanities in different
stages of the education process. Today, many national programmes of research and
innovation explicitly aim to increase the interplay, and overlap, between scientific and
societal issues (Greely, Ramos and Grady, 2016(7).

The concept of integration should not be taken to imply that there is a sharp division
between science and society, technical practice and values, engineering and culture.
Science and engineering are areas of human activity with their own cultures and their
own ethics, and these are embedded and participate in larger ethics, legal, and social
contexts. Government funding comes with ideas of value and priorities, and the success
of technologies has much to do with the framework conditions that are socially
determined. In a nutshell, technological and social change occurs simultaneously, i.e. they
are “co-produced” (Jasanoff, 2007}1447). Using integration here merely seeks to capture
new practices by policy makers, funders, scientists, stakeholders and the larger public to
enhance communication and the common articulation of values, so that technological
development might be steered towards better social outcomes.
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Box 5.1. Presidential Commission for the Study of Bioethical Issues

In 2013, alongside the inauguration of the U.S. BRAIN Initiative, the Obama
administration requested that the Presidential Commission for the Study of Bioethical
Issues “engage with the scientific community and other stakeholders, including the
general public, to identify proactively a set of core ethical standards — both to guide
neuroscience research and to address some of the ethical dilemmas that maybe raised by
the applications of neuroscience research findings.” (Presidential Commission for the
study of bioethical issues, 2014145)) The Presidential Commission produced two reports,
each of which emphasise the importance of integrating ethics into neuroscience research
from the earliest planning phases of brains science and neurotechnology development.
Key messages of the reports (Presidential Commission for the study of bioethical
issues, 2014145;; Presidential Commission for the Study of Bioethical Issues, 2015(14¢7)
included the need for researchers, funding bodies, and the larger society to, for example:

Integrate ethics early and explicitly throughout research;

Evaluate existing and innovative approaches to ethics integration;

Integrate ethics and science through education at all levels;

Ensure equitable access to novel neural modifiers to augment or enhance neural

function;

Create guidance about the use of neural modifiers;

e Expand and promote educational tools to aid understanding and use of
neuroscience within the legal system;

e Fund research on the intersection of neuroscience and the legal system;

e Avoid hype, overstatement, and unfounded conclusions;

o Participate in legal decision-making processes and policy development.

5.2. Anticipatory governance

The framework of “anticipatory governance” might offer some practical guidance for
these kinds of integration, and for ensuring that values are not just addressed as products
enter markets, but also during their development. Anticipatory governance is a relatively
new concept for science and society that emerged around the US National
Nanotechnology Initiative (INN). It has been defined as “a broad-based capacity extended
through society that can act on a variety of inputs to manage emerging knowledge-based
technologies while such management is still possible” (Guston, 20141477). These
capacities encourage and support the reflection of scientists, engineers, policy makers,
and other publics on their roles in new technologies (Guston, 2014147;). It also seeks to
identify and address the current and foreseeable challenges for regulating and using
applications in fields of technology in different jurisdictions. The US 21st Century
Nanotechnology Research and Development Act?® makes approaches to integration
explicit (Page 117 STAT. 1924). These techniques have been used in relation to emerging
technologies over the last ten years, with public engagement and scholarship focusing on
nanotechnologies, synthetic biology and geoengineering in particular (Foley, Guston and
Sarewitz, 2015[148])-

Anticipatory governance is not necessarily easy. Such an approach combines techniques
for anticipation, the development of realistic scenarios, and public engagement to help
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inform policy and the development of an appropriate governance framework. Here are
some examples of approaches to anticipatory governance and public engagement in
science and technology innovation:

e The Nanoscale Informal Science Education (NISE) Network in the US has
featured public engagement as a major theme.?*

e Open-source scenario development of the NanoFutures project by the Centres on
Nanotechnology and Society.?®

e The US NNI%® coordinates over a billion dollars of research per year and
emphasises the need for commercialisation for competitiveness as a driving
rationale on one hand, and the need to better understand societal impacts on the
other. The initiative featured two centres to investigate ‘“nanotechnology in
society.” A central component of their work was the development of the
“anticipatory governance” approach.

5.3. Responsible Research and Innovation (RRI)

Frameworks of “responsibility” in science and technology have been increasingly
operationalised within funding programmes and have gained relevance in research and
innovation policy at the supranational level (Owen et al., 2013[1497). The EC has sought to
institutionalise notions of “responsibility”, “responsible development” and “responsible
innovation” for science and technology under the banner of “Responsible Research and
Innovation” (Tancoigne, Randles and Joly, 2016ys0)). As a general matter, the RRI
framework aims to widen the scope of formal processes of ethics review for research and
innovation into a more open approach that addresses wider societal implications of
science, services and products. In the EU, nanotechnology provided the first case-study
for RRI practitioners; tools and methods were developed and tested with the now
ubiquitous technology including, for example, the EC’s “Code of conduct for responsible
nanosciences and nanotechnologies research” (European Commission Directorate-
General for Research, 20091s1;).

Within the EU, RRI has since been institutionalised at the highest levels. In 2014, the
Council of the European Union under the Italian Presidency issued the “Rome
Declaration on Responsible Research and Innovation in Europe” (European
Commission, 2014p1s). This statement called on European institutions of different kinds
to implement RRI in its work. The Rome Declaration defines RRI as “on-going process
of aligning research and innovation to the values, needs and expectations of society.” In
Europe, the concept of RRI has been adopted by policy-makers as a way of thinking more
systematically about the public benefits of science and technology-based research.

In different contexts, RRI is understood in different ways (see Box 5.2). As a general
matter, RRI aims to encourage stakeholders to discuss collectively avenues for advancing
societal goals through technology, considering the full range of moral, ethical, legal and
social implications of research and innovation (Owen et al., 2013p1497). It is not regarded
as an approach to develop measures of liability, accountability, stronger regulation, or
another form of ethical review. One thread of RRI is the need to better link research
programmes and the diffusion of technological solutions to grand challenges — including
the Sustainable Development Goals (Ladikas etal., 2015p53;; OECD, 2011[154;
OECD, 2013[155; Schroeder and Ladikas, 2015;:567). Another thread of RRI is the desire
“to connect the practice of research and innovation in the present to the futures that it
promises and helps bring about” (Owen et al., 2013[1497). “Prediction is impossible,” as
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one academic has stated, “but anticipation of possible, plural futures is vital” Stilgoe
(2013;1577). Within the RRI framework, the necessary means to achieve better innovation
outcomes lies in future-oriented, collective action that mirrors key dimensions of
converging science and technology. But how does one achieve such a lofty goal? A key
mechanism is to promote transparency and accountability within the research and
development processes with a view towards engaging, and mobilizing, a collaborative
form of innovation. These aims might be helped by open conversations about the intent,
purpose, motivation, and possible social impacts of innovation, and could be brought to
the surface through questions such as: who benefits, how and what are the costs; what are
the uncertainties and what happens if we are wrong; who controls access to the science
and the technology?

The EU’s current approach to RRI mainstreams the consideration of science and society
and underpins major EC research initiatives, including the Horizon 2020 Framework
Programme for research and innovation. As part of the EU Horizon 2020 programme,
RRI forms a key action of the “Science with and for Society” objective of the European
Commission. Governments should ensure that policies, regulatory frameworks and
funding initiatives embody the principles of RRI in order to deliver on the promise of
smart, inclusive and sustainable solutions to our societies discussed under the “Rome
Declaration”.

The Nuffield Council on Bioethics has applied the RRI framework to the area of
neurotechnology. In the context of neurotechnology, the Nuffield Council sees RRI as a
“tool” for operationalising ethical frameworks and highlighting how inventiveness,
humility and responsibility can inform the practices and values of those engaged in
supporting and pursuing innovation. In its report on neurotechnologies (Nuffield Council
on Bioethics, 2013;15g)), this British bioethics body uses the RRI framework to identify six
policy priorities for the responsible development of new neurotechnologies: a clearly
identified therapeutic need; securing safety and efficacy; generating and dissemination of
robust evidence; continuous reflexive evaluation of innovation trajectories; coordinated
interdisciplinary action; and effective and proportionate oversight.

Enabling the critical reflection of stakeholder and society — or “reflexivity” -- is a
touchstone of most RRI frameworks in theory and practice (Stilgoe, 20131577). Drawing
on RRI ideas in the neurotechnology context, the Nuffield Council call for “continuous
reflexive evaluation.” Because “the development of novel neurotechnologies is unlikely
to follow simple linear innovation trajectories,” the group states, “reflecting upon the
directions in which research is (potentially) travelling, and responding to this, can help to
guard innovation against lock-in to pathways that do not serve public benefit. It is also an
important part of maintaining vigilance for implications of possible unintended dual-use
or ‘off-label” applications of neurotechnologies”  (Nuffield Council on
Bioethics, 20131sg)).

OECD Science, Technology and Industry Policy Papers



32 I NEUROTECHNOLOGY AND SOCIETY: STRENGTHENING RESPONSIBLE INNOVATION IN BRAIN SCIENCE

Box 5.2. Understandings of “Responsible Research and Innovation”

e “An on-going process of aligning research and innovation to the values,
needs and expectations of society.” Rome Declaration on Responsible
Research and Innovation in Europe, issued under the Italian Presidency of
the Council of the European Union, 21 November 2014.

e “An approach that anticipates and assesses potential implications and
societal expectations with regard to research and innovation, with the aim
to foster the design of inclusive and sustainable research and innovation. It
implies that societal actors (researchers, citizens, policy makers, business,
third sector organisations, etc.) work together during the whole research
and innovation process in order to better align both the process and its
outcomes with the values, needs and expectations of society” (European
Commission).  https://ec.europa.eu/programmes/horizon2020/en/h2020-
section/responsible-research-innovation

e “RRI can be viewed as being as much about fostering practices and
cultures amongst those engaged in supporting and pursuing innovation as
a concern with appropriate regulatory and governance structures. The
engagement of publics in determining what the desirable ends of research
are, and how innovation processes can achieve these, is also often seen as
a crucial part of responsible practice” (Nuffield Council on
Bioethics, 20131sg)).

e “A science policy framework that attempts to import broad social values
into technological innovation processes whilst supporting institutional
decision-making under conditions of uncertainty and ambiguity. In this
respect, RRI re-focuses technological governance from standard debates
on risks to discussions about the ethical stewardship of innovation”
(Schroeder and Ladikas, 2015}1s6)).

e “A transparent, interactive process by which societal actors and innovators
become mutually responsive to each other with a view to the (ethical)
acceptability, sustainability and social desirability of the innovation
process and its marketable products (in order to allow a proper embedding
and technological advances in our society)” (von Schomberg, 20131sg)).

The EU’s “Ethics and Society Subproject”’ of the HBP combines practice with research
on all aspects of responsible research and innovation. This includes foresight analyses,
philosophical reflection and conceptual refinement, public and stakeholder engagement,
and researcher awareness and action. Meanwhile, HBP’s “Ethics Management”
component ensures that HBP complies with relevant legal and ethical norms, requiring
that ethical issues within the HBP are managed to the highest standards; that the HBP
develops standards and best practices concerning ethical issues in establishing large
research infrastructures for neuroscience and healthcare; that insights from the research
components of the “Ethics and Society Subproject” are fed into organisational practice in
the HBP; and that the HBP complies with both European and Member State-specific
legislation (Aicardi, Reinsborough and Rose, 201774)).
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5.4. Open science and open innovation

Researchers in brain science are increasingly participation in large consortia. The
acceleration of research and innovation in enabling technologies — e.g., genomics,
nanotechnology, genome editing, and synthetic biology — during the last decade has been
driven by a highly networked, multi-actor environment with more distributed
responsibility. As research moves from small groups led by one person to larger teams,
the organisation and ownership of scientific work will change (Schinder, Bonhoeffer and
MOI’I’iS, 2016[160]).

A more open and collaborative environment in brain science and technology innovation
would be a significant step towards transparency, to systematically address ELSI, and to
increase efficiency. However, apart from the HBP there is limited experience in
bioscience to work in big, international consortia; sharing of resources, results and
rewards may follow different rules in investigator-based science than in big, international
research projects (Edwards, 2016161; Schinder, Bonhoeffer and Morris, 2016160

One example is the Structural Genomics Consortium (SGC)? that aims to foster research
in less well-studied areas of the human genome by making all its research output
available to the scientific community with no strings attached, and by creating an open
collaborative network of scientists from hundreds of universities around the world and
from nine international pharmaceutical companies. Together, this network of academic
and industry scientists is driving a new scientific and drug discovery ecosystem whose
primary aim is to advance science and is less influenced by personal, institutional or
commercial gain.

The OECD defines open science as “an approach to research based on greater access to
public research data, enabled by information and communication technology tools and
platforms, and broader collaboration in science, including the participation of non-
scientists, and finally, the use of alternative copyright tools for diffusing research results”
(OECD, 2012y1627). Others have defined open science more broadly to include the opening
up of the boundary of the firm, open data, open publication and the avoidance of IP that
restricts access to these assets. By some accounts the open science is based on three
pillars: open innovation, open access, and open data (Gold et al., 2016163). Open science
aims to help discovery, innovation, and research by encouraging rapid multilateral,
voluntary sharing of data, ideas, and materials, as appropriate.

The term open innovation doesn’t have a widely agreed meaning, but tends to describe a
move from the individual innovator to a global collective where researchers and business
share information and use external knowledge to advance science, develop products, and
gain revenues (Chesbrough, 2003;1641; OECD, 2008[1651). Gassmann and Enkel (2004;1667)
distinguish three archetypes or core processes of open innovation: (i) sourcing and
integrating the external knowledge; (ii) bringing ideas to market, selling/ licensing IP and
multiplying technology; (iii) working in alliances with complementary knowledge.

In the model of open innovation ideas can come from and go to market from inside or
outside the organisation; “firms can and should use external ideas, as well as internal
ideas, and internal and external paths to market, as they look to advance their technology”
(WIPO, 2010y1677). Companies and academia also increasingly venture to find external
partners to advance science and for commercialising innovations that are not used
internally (divestment, spin-out, spin-off).”
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Governance mechanisms promoting open science and open innovation bear a relation to
the important question of access to knowledge and technology. Policy challenges around
openness include IP management. Some have argued that reliance on IP can further
widen gaps in access to research funding and to innovative health care (Anderson,
Fitzand Howlander, 2012[165;). Koch and Jones (2016p6¢)) state that in order “to
accelerate the rate of discovery and to ameliorate the replication crisis, it is imperative
that the neuroscience community moves toward an open science ethic.

Open innovation presents an alternative paradigm in science and product development,
but implementing might be difficult in a competitive and resource-intensive environment
like health. Here public funders and philanthropists could play a major role; but questions
remain to be answered surrounding the sharing of data, results and enabling inventions in
the private sector; and, regarding the sustainability of open innovation after the successful
establishment of “first movers” in the field?

Some stakeholders argue that a wider and more transparent use of disruptive innovation
would help enable socially acceptable outcomes, manage unwanted effects, maximise
utility, and optimise results (Canli et al., 2007[1707); others discuss some of the trade-offs
of openness (The Economist, 2012[1717). Bostrom (2017[1727) has argued that openness is
positive when talking about safety measures and goals of the technology. However,
openness about source code, science, and possible capabilities might lead to a tightening
of the competitive situation, “increasing the probability that winning the Al race is
incompatible with using any safety method that incurs a delay or limits performance.” On
the one hand, openness has the capacity to promote transparency and alternative research
pathways. On the other hand, it may entail loss of IP and potentially reduced investment,
as well as privacy risks since a patient’s data or tissue samples may be used in a very
different way than expected. Much could be learnt from experiences in, for example, the
Human Genome Project, public-private partnerships in Alzheimer’s disease, or other
sciences or business about how to manage big projects towards positive social outcomes
while ensuring private industry is rewarded for its investments.

The large-scale integration of data is a goal in many fields of science, but the challenges
are particularly steep in the neurosciences where data sources run across areas such as
brain imagining, genetics, and the environment and where there are inconsistent
standards. Perhaps for these reasons, there is no major effort to date that pulls together the
data and knowledge in order to address basic questions about, e.g. cognition, memory,
thought and speech. The neurosciences also suffer more than most from an inadequate
understanding of the biological mechanisms around disease. Bringing these different
(very large) sets of data together can, one hopes, bridge that gap
(Giordano et al., 201750). Moving forward, it will be important also to examine how to
incentivise the sharing of data and tools in the neurosciences to avoid unintentionally
silo’d efforts.
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Box 5.3. Examples of open, collaborative initiatives in brain science and technology

e The Allen Institute for Brain Science, founded in 2003 by philanthropist Paul G.
Allen is an institute dedicated to understanding how the human brain works,
studying the cell as an integrated system, and identifying opportunities where
funding could create new knowledge and solve important problems to advance
science in large-scale research. The Allen Institute seeks to achieve with its focus
on Big Science, Team Science, and Open Science and has produced a collection
of open science resources that enable users a to explore gene expression data,
neural connections, cell characterization and neuroanatomy, e.g., the Allen Brain
Observatory, the Allen Cell Types Database, the Allen Human Brain Atlas
(Koch and Jones, 2016}169)).

e The APEC Digital Hub for Mental Health: the Asia-Pacific Economic
Cooperation (APEC) has developed a Roadmap to Promote Mental Wellness in a
Healthy Asia Pacific in order to address mental or neurological disorders. It seeks
to promote health, social and economic participation, workplace productivity, and
sustainable economic growth in the Asia-Pacific region. Canada will host a new
international digital hub to coordinate and promote advanced research from some
of the world’s leading universities and health institutes involved in the diagnosis,
treatment and public awareness of mental disorders. The Digital Hub will serve as
an incubator of new ideas and practices, a platform for scale-up, and the focal
point in APEC’s inter-governmental work in mental health.
http://mddb.apec.org/Documents/2014/MM/AMM/14_amm_014.pdf

e The International Brain Initiative was launched by the United States in 2016 in
collaboration with the Kavli Foundation, Japan, Germany, Argentina, and the
United Nations Conference on Trade and Development. Its goal is to promote
collaboration and cooperation among the emerging brain projects and to ensure
that the outcomes of these projects ultimately benefit everyone.
http://www.kavlifoundation.org/international-brain-initiative

e The Montreal Neurological Institute (Neuro) aims to accelerate research advances
through a five-year experiment during which it will adopt open science across the
institution, including all of its laboratories. A key aim is to provide a foundation
for researchers in and outside of McGill University, e.g., patient organisations,
regulators, and industry in order to engage in neurobiological research and to
engage in local knowledge-based economic development (Gold et al., 2016}163)).

Stakeholders have called for more collaboration, openness and coherence between the
diverse neuroscience initiatives. A more holistic approach across the innovation system
has been suggested in which research funders, academia and business develop forms of
co-responsibility in the science-society relationship for both intended and unintended
effects of research and innovation (Mitcham, 2003173). Some researchers have proposed
the creation of networks of neurotechnology centres and the adoption open science at an
institutional level in order to enhance and accelerate brain research and its translation into
clinics (Alivisatos et al., 20151747). In the fall of 2016, the Brain Canada Foundation,
steward of the Canadian Brain Research Fund in partnership with Health Canada,
convened a broad cross-section of Canadian researchers to discuss how to link data
sharing platforms across the country (Jabalpurwala, 2016175)). This initiative, currently
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under development, will bring together existing Canadian platforms, initiatives, and
networks. The focus of this initiative is to share and expand existing datasets of clinical,
behavioural, genomic, and imaging information to facilitate collaboration and the
translation of research into clinics. A Data Governance and Ethics Committee will be part
of this Canadian initiative to create guidelines on consent, privacy, security, data access
and data governance. This pan-Canadian initiative will be led by researchers established
at the Montreal Neurological Institute (Neuro) and will be part of the approach
undertaken by this institute that aims to implement a coherent open science approach
through open data, open materials, and no patenting (see Box 5.3).
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6. Implementing Responsible Innovation: Mechanisms and Tools

The core challenge of integrating science and society, and of understanding how they are
in fact joined at the hip, requires of course that frameworks move into practices that are
actionable. From embedding social scientists in research labs, commissioning parallel
work in law and ethics, and engaging publics, attempts to integrate (brain) science and
society are becoming more common (Bowman et al.,(n.d.)ps; Garden et al., 20166,
Ministere de I’Enseignement supérieur, 2015176); Presidential Commission for the study
of bioethical issues, 2014p45;; Presidential Commission for the Study of Bioethical
Issues, 2015146); Shen and Gromet, 2015[1777). However, it remains a challenge for
scholars, researchers, policy makers, and users to translate elements of this science and
society programme into practice (Arnaldi, 2013p175;; de Jong, Kupper and
Broerse, 2016[179); Nielsen, 2013150; Randles et al., 2015181;; Reber, 20171437). As one
social scientists involved in the HBP has cautioned, “it is a difficult task to integrate a
strong communal ethics mind-set into research and technology development while
advancing the kind of innovation our project pursues in brain science and
neurotechnology, distributed over a hundred labs coming from many different research
traditions”%.

This chapter surveys a small set of institutional mechanisms and tools with utility for this
process of integration. Some have been in practice for some time, while others are quite
new. This list is not exhaustive, but should provide a sense of institutions, mechanisms,
and tools.

6.1. National and independent bioethics bodies

In some jurisdictions, governments have commissioned high-level ethics bodies to
conduct work on social issues of neurotechnology alongside scientific work. These
groups might be charged with writing reports on particular technologies that gather
evidence through research and public testimony and can inform public reasoning. Public
surveys and stakeholder interviews on emerging technologies can and have been
employed to assess technologies and gauge current opinion, as well as public hearings
which seek to collect input from various publics to inform regulatory agencies. Different
national bioethics bodies play different functions within their own jurisdictions (Jasanoff,
Hurlbut and Saha, 2015ps27).

In 2013 the Obama administration requested that the Presidential Commission for the
Study of Bioethical Issues develop recommendations on the neurosciences and society. A
goal of the US BRAIN Initiative is to advance brain science towards positive social
outcomes and to engage with patients, advocacy groups and the public. One stated aim is
to generate a discourse around the challenges of brain health and the societal benefits,
risks and unrealised promises. Drawing on a set of public hearings as well as expert
deliberation, the Commission produced two reports which have helped to set the tone for
ethics work under the initiative (Presidential Commission for the study of bioethical
issues, 2014145;; Presidential Commission for the Study of Bioethical Issues, 2015j146)).
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Additionally, in October 2016, the BRAIN Initiative released a funding opportunity for
research on the ethical implications of advancements in neurotechnology and brain
science.

National bodies are sometimes supplemented by the work of independent ethics bodies.
For example, in its 2013 report, Novel Neurotechnologies: Intervening in the Brain, the
Nuffield Council on Bioethics discusses the need to “foster practices and cultures
amongst those engaged in supporting and pursuing innovation as a concern with
appropriate  regulatory and governance structures” (Nuffield Council on
Bioethics, 20131s1). This report has been a touchstone in the conduct of the research and
innovation in the UK and has garnered international attention in the field.

Following the OECD Washington Workshop, a Korean Neuroethics Committee (Korea)
has been initiated. The Neuroethics Committee will be launched in 2017 as part of the
Korea Brain Initiative. Complementary to the scientific objectives of the Korea Brain
Initiative, the Neuroethics Committee will address ELSI in advancing neuroscience and
neurotechnologies. Initial tasks will include, for example: ethics review of projects;
support of the development 3™ Brain Research Programme in Korea (2018-2027);
organisation of the Neuroethics Study Group on the ELSI in neuroscience research in
Korea; preparation of neuroethical guidelines for brain research; development of
educational programmes for scientists and neuroethicists, and fostering of public
engagement. In this vein, Goering and Yuste (2016p26) suggested scientists, medical
practitioners, bioethicists, legal experts, and citizens to develop a set of principles that
guide the “effective protection of human subjects and values in conjunction with the
ongoing research in this new area”.

6.2. Co-funding streams

An import mechanism for integrating a more anticipatory and reflexive approach to the
development of neurotechnology is of course to fund scientific work in parallel with work
in the social sciences and humanities. From the earliest days of the European HBP, for
instance, it was settled that there must be a “pillar’ of this research that focused on social
and ethical issues. The Ethics and Society Subproject (SP12) explores the social, ethical
and philosophical implications of the HBP. It is fully integrated into the core research of
the HBP, and receives between 4% and 4.5% of the total budget of the HBP. An
overarching goal of this sub-project is to “foster RRI within the HBP, by promoting
engagement with decision-makers and the general public, and by raising social,
conceptual and ethical awareness among project participants” (Aicardi, Reinsborough and
Rose, 201774). Similarly, the Brain Canada Foundation has added questions about
ethical, legal and social implications to its standard grant application, and is integrating
expertise in ELSI in peer review panels.

Funding co-streams of science and social scientific (and humanities) research harken back
to the international Human Genome Project (1990-2003), one of the earlier large-scale
initiatives in which social scientists worked in parallel with the natural sciences in order
to consider ELSI of their work (Murray and Livny, 1995g3; Walker and
Morrissey, 20141s41). The deliberation of ELSI and “responsibility” in nanotechnologies
is another example of how societies, in some jurisdictions, have approached R&D
activities, and the role of the public in shaping (or at least informing) their trajectory. This
work began early in the commercialization of the technology (mid-1990s), and offers
important lessons from various economic, social, scientific, environmental and legal
perspectives (Simakova and Coenen, 2013es)).
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The cumulative NNI investment from 2006-2014 in research on ethical, legal, and other
societal implications of nanotechnology was approximately USD 376 million (2.4% of
approximately USD 15.5 billion total investment). The National Societal Dialogue
programme (2009-2011) in the Netherlands had a budget of EUR 4.5 million and aimed
at informing and engaging actors in the societal sphere. Since these pioneering
approaches, efforts have been made to mainstream social science and humanities work
into funding streams, and this approach is taking root in many OECD countries (van
Est et al., 2012[135]).

6.3. Public engagement

Public engagement in innovation policy encompasses a wide range of instruments, for
example, communication, public consultation, and public participation®*® (Bartoletti and
Faccioli, 2016p1877). Communication, as one form of collaborative governance
encompasses instruments that convey information from policy makers to the public. In
these efforts, information is unidirectional. Still, well-crafted communication can have
significant implications for responsible innovation, in part because transparency can help
foster public trust in science advice. Examples of communication include, for instance,
making strategic research plans accessible to the public, or open science, defined as “an
approach to research based on greater access to public research data, enabled by ICT tools
and platforms, and broader collaboration in science, including the participation of non-
scientists, and finally, the use of alternative copyright tools for diffusing research results
(OECD, 2012(162).

Another form of public engagement/ participatory governance is public consultation in
which, for example, policy makers initiate the collection of input from the public
(OECD, 20161857). Public consultation does not generally entail formal dialogue between
publics and policy makers. Nevertheless, information elicited by policy makers from the
public can help guide socially-responsive innovation activities. Examples of public
consultation include formal requests for public input regarding research priorities, the
conduct of surveys regarding public views on science and technology, etc.

Unlike the aforementioned forms of public engagement in policy, public participation
entails a formal dialogue between policy makers and publics. Of central importance in
participatory exercises is the act of deliberation. Information is exchanged across experts
and lay publics, which can facilitate mutual learning and even changes in opinions of both
policy makers and public participants. One example of public participation includes
participatory technology assessment methods.
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Box 6.1. FutureForum I: Rethinking Health

Federal Ministry of Education and Research (BMBF, Germany)

The Citizen Dialogue “Rethinking Health: Well-Being through HighTech and Self-
Optimization”, held by the German Ministry of Education and Research during one day
and one night, gathered over 200 participants from all sectors of society to discuss the
future of health in Germany, also focusing on neuroscience and neurotechnology as tools
for therapy and optimization. The event was based on a quantitative survey, the “Future
Monitor”, in which the opinions and views of society at large were collected. The results
were then condensed at a first citizen meeting, and prioritised at a second event. To guide
the discussions, participants gathered with experts in the field during the whole process.
The evaluation of the results has not been completed yet, but it is a designated aim of the
Citizen Dialogue to directly inform strategies for research and innovation at the German
Ministerial level. https://www.zukunft-verstehen.de/zukunftsforen/zukunftsforum-1

The trend towards greater adoption of public engagement mechanisms in innovation
policy suggests that they are perceived by countries as beneficial. But some challenges
exist to their effective implementation. First, constructing representative publics through
such exercises can prove challenging. Some public engagement processes are only
viewed as legitimate for those publics directly engaged in them. This has been termed a
“fundamental problem of scale” (LOvbrandetal., 2011ps9; Stilgoe, Lock and
Wilsdon, 20141497) and points to the need to consider engagement exercises as only one
element of more responsible innovation policy. Another challenge relates to making STl
policy responsive to the outputs of public engagement efforts. There is some risk that
weak public engagement does not facilitate true deliberation, and instead serves to
legitimate existing policies. Furthermore, public engagement is most likely to be
impactful when technologies are further “upstream,” or before they are locked in
(Collingridge, 1980p1347). This means that, while especially effective in cases of emerging
technologies, public engagement can be more challenging for technologies that are
already deeply entrenched.

The OECD has published a toolkit for public deliberations in nanotechnology
(OECD, 20121397) Many examples of deliberative mechanisms have been developed in
this context. In the nanotechnology arena, the so-called FRAMINGNANO project
provided an implementation scheme for the deliberation of public values in the
assessment of emerging technologies. The proposed governance model was based on two
instruments: a deliberative panel of a structured, permanent group of multidisciplinary
experts representing relevant stakeholders; and a decision-making body composed of
representatives of existing institutions/competent authorities tackling regulatory issues in
the different fields. The two bodies are closely interconnected in a continuum loop and
feedback action to keep pace with the evolution of nanotechnologies and nanosciences
and their applications and to the increasing knowledge about nanotech-enacted change
and effects, to adapt the strategies of the governance model

6.4. Participatory technology assessment

One way of understanding public engagement is as part of a process of technology
assessment operating among communities that go beyond technical experts. Technology
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assessment emerged in the 1960s and has increasingly been adopted in many countries,
and evolved over time based on lessons learned. Innovation policy in many OECD
countries is now guided by forms of societal technology assessment carried out by a mix
of actors, including national ethics committees and other government bodies, tasked with
taking view of broader social effects, health and safety risk assessment. Some of these are
more broadly participatory and include procedures involving stakeholder and public input
(Durant, 19991907). These processes involve formal risk analysis but may also consider
the longer-term social and ethical implications of technological adoption that may not be
easily reduced to immediate health and safety risks.

Recent efforts at technology assessment have taken a more participatory form, with a
focus on upstream engagement processes. These approaches are generally termed
“constructive technology assessment” (CTA) (Schotand Rip, 1997101), “participatory
technology assessment” (Guston and Sarewitz, 2002[192); Reber, 2005(193);
Reber, 2006}104)), and “real-time technology assessment,” among others. These
approaches emphasise the value of engaging citizens and stakeholders alongside expert
analysis for effective technology appraisal. Reason for this shift are, given that
technology assessment is inherently value-laden, that citizens have developed a new
awareness of risks and ought to have a voice in these processes. In addition, there is a
growing recognition that non-experts and other stakeholders possess knowledge relevant
to technology assessment that would otherwise be missed. Most participatory modes of
technology assessment recognise that the public is more likely to accept assessments of
which they have been an active participant, in which their voice — and their concerns have
been heard — and that the knowledge these assessments produce is likely to be more
robust if diverse stakeholders are engaged.
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Box 6.2. Human Brain Project: The HBP Foresight Lab

Within the Human Brain Project’s (HBP) subproject “Ethics and Society”, King’s
College London and the Danish Board of Technology Foundation (DoT)
developed a Foresight Lab for the exploration of future medicine, future
neuroscience, and future computing. Through the method of ‘Horizon Scanning’,
views, attitudes and strategies of key stakeholders of the HBP and the wider R&D
landscape were collected to identify major themes and questions in the field.

Accompanying, for example, the development of the HBP Medical Informatics
Platform, which aims at informing the evolution of new treatments for
neurodegenerative and psychiatric disorders, the Foresight Lab outlined major
societal and ethical challenges faced by the Medical Informatics Platform while
federating data and translating key health findings into clinical practice. By first
developing narrative and fictional short scenarios (vignettes), sets of questions for
discussions between stakeholders could be outlined, such as “The Costs of Early
Adoption” or “The Citizen-Patient Alternative”. Focusing on data federation and
privacy as well as disease signatures and personalised medicine, the foresight
exercise specified challenges such as legality, trustworthiness, and privacy, as
well as possible measures for addressing these in the future. An extensive list of
recommendations for the Medical Informatics Platform in particular, and the HBP
and neuroscience and technology in general, was developed. The project
recommended, for example, that regular and systematic work on scenarios for
misuse should be conducted in the HBP in order to ensure that the Medical
Informatics Platform is robust and protected to the greatest extent against misuse
(Rose et al., 2015p195))

Sclove (2010p9) summarises key justifications of doing participatory technology
assessment:

e A Matter of Democratic Right: citizens are ethically entitled to direct
participation or effective representation in technological decisions as a matter of
democratic right;

e Social Values: Experience with participatory technology assessment shows that
laypeople tend to excel in articulating ethical concerns and moral and social
values, making and explaining value judgments and developing normatively
informed insights and analysis;

e Broader Knowledge Base: participatory technology assessment gathers and
integrates life experiences and other social knowledge that expert analysis omits
or undervalues;

e Cost Reduction: by producing an informed citizen perspective on not-yet-
realised technological potentials, participatory technology assessment can inform
government, business and other stakeholder decision-making, thereby helping
avoid or reduce costly social controversy;

o Expedited Conclusions: participatory methods typically take 2 to 12 months to
orchestrate and complete and, thus, are more useful to policy-makers than
traditional forms of technology assessment.
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6.5. Education

Morein-Zamir and Sahakian (20101977) explore the connection between neuroethics,
education and public engagement. The authors argue that because of the impact of
neuroscience on society and the key role of education to responsible thinking formal
curricula in schools and universities in neuroethics and public engagement would be
warranted (Hankins, 201310¢7). This could increase awareness of the ethical consequences
of neuroscience and encourage students to consider the potential implications of their
own work on society. Teaching and training of neuroscientists and other health care
professionals requires novel curricula to meet the demands of the changing landscape of
brain research, for example:

e Combining biological and behavioural expertise with experimentation skills in
large data sets;

e Developing analytical, communication and mentoring skills in order to embrace
the diversity of neuroscience;

e Preparing students to for future work instead of focussing on academic careers;
e Incorporating computer science, engineering, and modern statistics;

e Ensuring strong mentoring to help students advance careers in an increasingly
competitive environment.

Policy makers may want to better understand how neuroscience education could embrace
ELSI in order to prepare students for a more active role in the public discussion.

6.6. Tool kits and web-based platforms

In part due to dedicated support under Europe’s Horizon 2020 programme, there are now
excellent “toolkits” and practical guidance materials to assist with their implementation.
The RRI Toolkit is an EC funded project to strengthen and operationalise the concept of
RRI in practice. Tailored to the individual needs of key stakeholders, RRI Toolkit is an
online platform that gathers over 450 practical resources along the trajectory of research
and innovation processes, including training and education. The tool allows users to find
useful ideas and resources organised according to the type of policy actor (funder,
researcher, business and industry, education community, civil society) and RRI themes,
including gender equality, open science, public engagement, governance, science
education.

An overview of 57 methods for Public Engagement in research and innovation is
available in the Engage 2020 Action Catalogue®. The Action Catalogue is an online
decision support tool that is intended to enable researchers, policy-makers and others
wanting to conduct “inclusive research”, to find the method best suited for their specific
project needs. This resource allows users to search for specific tools and practices to
address a variety of goals around inclusive science including policy formulation,
programme development, project definition, research activity and political empowerment
of people.

The “Future of Brain/Neural Computer Interaction” aimed at developing a roadmap for
the future of brain-computer interfaces. Through an interdisciplinary consortium
composed by universities, research institutes, industry and ethicists, existing translation
gaps were addressed which had left researchers and industry with insufficient knowledge
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about the end users of BCI technology and the biological, psychological and social
aspects of human-computer interaction. In order to close this gap, project partners at
Fondazione Santa Lucia, Italy, identified future developmental issues in BCI research
through conducting User Centered Design (UCD) with different BCI applications. Focus
groups and structured interviews were used as a tool to engage into an iterative process of
exchange between developers and (end-)users of BCI. As a result, the roadmap “The
Future in Brain/Neural Computer Interaction®? developed by the project entails specific
Use Case Scenarios on concrete future applications (e.g. hybrid BCIl-driven FES for
stroke rehabilitation, or the ‘neurotutor’), which are complemented by practical
recommendations to decision-makers and industry for the further engagement with BCI
applications. A core recommendation by the project is that future success and acceptance
of BCls will depend on the engagement of all stakeholders in decision-making processes
(Brunner et al., 2015(s1;).
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7. The Unique Role of Funders and Investors

An array of actors in the R&D ecosystem and greater civil society are positioned to
pursue the agenda of implementing anticipatory governance, RRI, and open science in the
arena of neurotechnology. While attention in the ethics of science and technology often
focuses on researchers and research institutions, less has centred on funders. Thus, this
section focuses on the critical role of research funders — public agencies, funders, and
business.

Funders are particularly well-positioned to shape trajectories of technology and society.
Through their funding power, they have the ability to set agendas and steer scientific
work towards particular ends. They have the opportunity and duty to place scientific work
within social, ethical, and regulatory contexts. And they have the power to foster a cross-
sectoral, global discussion about how to implement more open and responsible
innovation, including initiatives for building joint research and product development. It is
an especially opportune time for this group to strengthen the array of approaches and
mechanisms for building responsible innovation in neurotechnology.

Practical guidance resources exist for developing a funding policy aligned with the
responsible innovation principles, e.g. on the RRI Toolkit and the Engage 2020 Action
Catalogue. What follow are some general considerations for different kinds of
organisations involved in the funding of research.

7.1. Role of public funders

The funding power of governments, and therefore their ability to influence the
neurotechnology and society agenda, has never been greater. The EU, United Kingdom,
Canada, China, Japan and several other countries collectively invest about USD 2 billion
in basic and applied neuroscience and technology a year. According to the
Neurotechnology Industry Organization global basic neuroscience research funding has
increased recently with the development of more strategic and collaborative global brain
research programmes, such as the EU HBP the US BRAIN Initiative.

This funding power raises key questions. How can synergies, coordinated investment, and
prioritisation between public funders, philanthropists, and private investors in brain
science be advanced? How should top-down research that emphasises particular social
goals be balanced with the independence of research? As stated by Caplan and Kunzler
(201511997), “When an endeavour like mapping the brain is funded by private industry
funds, or even by foundation grants, there is a pressure to move in the direction those
funders want”.

Results of an OECD “‘Survey on government approaches to fund responsible research and
innovation in brain science and neurotechnology” that was sent to representatives of
public agencies responsible for funding initiatives in the area of brain science and
neurotechnology development indicate a strong commitment to, for example, research
ethics, gender balance, open access. However, there was limited coherence on the
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process, or processes involved, for compliance with frameworks such as anticipatory
governance, RRI, or open science. Even though some respondents have implemented and
routinely use either RRI or ELSI frameworks in their funding initiatives, most
respondents apply traditional ethics review, support of gender balance, and legislative
review.

7.2. Role of foundations

The sector of charitable giving to health innovation, and work on brain science and
technology, is increasing. Charitable giving to health organisations giving by
corporations, individuals, foundations, and bequests reached USD 390 billion in 2016.%
Philanthropic individuals and organisations such as the Allen Institute for Brain Science,
Howard Hughes Medical Institute, Eli Broad, the Stanley family, the Kavli Foundation,
and Patrick and Lore McGovern, have invested heavily in innovative brain research and
technology development.

The generous investments in neuroscience present strategic opportunities for charitable
funders to promote a vision of technology and society. There are significant advantages
of philanthropy as an important voice at the intersection of neurotechnology and society:
first, philanthropic organisations often provide stable funding with a long-term
perspective that can help addressing public health needs; second, foundations offer
flexibility and opportunistic thinking that enables quick decisions making in order to react
to actual developments in research, society and public policy.3* In fact, charities have
been at the forefront of some of the recent efforts to promote the deeper engagement of
science and society.

For example, The Kavli Foundation has promoted not only scientific cooperation among
brain initiatives across the world, but also work in international neuroethics. In 2005, The
King Baudouin Foundation in Brussels, Belgium, in collaboration with the European
Commission, initiated the ‘Meeting of Minds, the European Citizens’ Deliberation (ECD)
on Brain Science’ project in order to rectify the lack of public debate on brain research in
Europe (Slob, Raeymaekers and Rondia, 20052007). As part of their Citizens & Healthcare
project the King Baudouin Foundation conducted a “CitizenLab”, an innovative form of
public deliberation based on discussion and debate, to better understand the criteria
citizens see as important in regard to reimbursement of health care, and why. Here, the
statements, that “...people are responsible for their behaviour, and consequently for their
health, but only to a certain extent” and that “...it is impossible to distinguish, at the
individual level, where ‘circumstances’ stop and ‘personal’ responsibility begins”
(Raeymaekers, 2015p017) could be seen as guiding principles for the implementation and
use of new technologies in the public.

The La Caixa Foundation in Barcelona, Spain, has a strong portfolio in supporting
research and innovation, as well as science societal engagement. Programmes connect
investments in research and science, mainly in biomedicine and health, with the spreading
of culture, education and social initiatives. La Caixa” has been coordinating the EU
project “RRI Tools” (“Building a better relationship between science and society”) to
develop an innovative and creative set of tools aimed at raising awareness, training,
disseminating and implementing RRI in Europe.

In 2011, the Government of Canada and the Brain Canada Foundation established the
Canada Brain Research Fund, a CAD 200-million public-private partnership. The
Canadian government, through Health Canada, committed to match on a 1:1 basis every
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dollar raised from private and non-federal sources directed to brain research. In Budget
2016, the Government of Canada committed an additional CAD 20 million in matching
funds, bringing the total Canada Brain Research Fund to CAD 240 million. This is the
largest public-private partnership to support brain research in Canadian history, and is
serving as a catalyst for a diverse ecosystem of all those working to advance
understanding of the brain and brain disorders.

Policy responses by public funders appear to be gradually addressing the challenges
posed by disruptive brain science and neurotechnology. Some of implications and
unresolved questions of particular relevance in the light of the critical role of funders in
advancing responsible research and health innovation include:

e International cooperation: while leaders in the policy and research community
have called for collaboration around key scientific and health challenges around
the neurosciences, there is need for international cooperation to anticipate and
examine ELSI raised by new neurotechnology.

e Alignment: most research institutions, or businesses involved in brain science
and neurotechnology innovation have their own goals towards scientific advance
and economic success. How to align their leverage, experience and power —
acknowledging their often diverting goals and organisational models? The
question could be raised as to how the different economic priorities change the
way RRI and ELSI are integrated or not into funding and research. What are the
concrete steps towards a more aligned and consolidated approach?

¢ Hype and unrealised promises: research priority setting and funding initiatives
are often driven by public advocacy in order to better understand the human brain,
to address pressing health challenges, and to improve general wellbeing.
However, this brings us close to hype and unproven health claims. How can
funders help realistic and evidence public engagement? Is there a conflict of
interest if public advocacy, funding, and standard setting for responsible
innovation is carried out by the same person or entity?

e Education: what is the role of funders to integrate responsible innovation into
education? Do we need different approaches in different fields of science?

e Data: what is the potential of responsible innovation frameworks in building trust
and trustworthiness around uses of personal health data? What are the priorities of
funders — public and private — in addition to privacy and security? How can
funders help promote the collection and use of data as a common resource?

7.3. Role of business

On the business side, responsible innovation frameworks have been developed alongside
of traditional ethical review processes and measures for corporate responsibility
(latridis and Schroeder, 2016202;; Pelle and Reber, 2015p,03), but with limited overlap or
consistency between the various initiatives. Researchers and innovators in industry and
other multinational enterprises, particularly those working in disruptive scientific and
technology fields, are encouraged to adopt and implement socially responsible innovation
methods and business conduct (Flipse, 2013p204). For instance, the OECD Guidelines for
Multinational Enterprises (2011p20s1) are recommendations addressed by governments to
multinational enterprises in order to promote legal responsibility, societal accountability,
and engagement with the goals of sustainable development.
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At the OECD Global Forum on Responsible Business Conduct 2016%* participants from
governments, businesses, trade unions, and civil society gathered to discuss options to
promote better business practices, to address adverse impacts, and to support the
contribution of the private sector to the achievement of the Sustainable Development
Goals. Three key takeaway messages from that event can be summarised as follows:

e There is a need to get inside the “black box™ to better understand which incentives
drive management at companies to act responsible;

e There is a need for designing methodologies for measuring costs and benefits for
responsible business practices;

e Investors play an important role in convincing pharmaceutical companies that
there is a business case of responsible business conduct.

Greater attention to the capabilities of funders may enable the development of new and
creative roles for these actors in accelerating research in brain science. Can frameworks
of upstream investment that help integrate downstream hopes and concerns about future
products and markets increase the success of product development for societal needs?
With the significant promises of brain science in public media funders may also want to
better understand the “sociology of promises or expectations” in order to ensure public
engagement and a stronger diffusion of technology.
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Endnotes

! Neurotechnology can be defined as devices and procedures that are used to access, monitor,
investigate, assess, manipulate, and emulate the structure and function of neural systems
(Giordano, 2012[177).

2 Compound Annual Growth Rate (CAGR) is the mean annual growth rate of an investment over a
specified period of time longer than one year.

% In a report (20071007), the British Medical Association defined the augmenting of “cognitive
ability” as the increase of an individual’s abilities in relation to, for example, learning, memory
and attention and executive functions including decision-making, planning, problem-solving and
cognitive flexibility.

* The project has also helped produce associated publications, for example:
(Garden et al., 201616))

5 http://sitn.hms.harvard.edu/special-edition-neurotechnology/

6 https://www.accessdata.fda.gov/cdrh docs/pdf17/K171051.pdf

7 https://plato.stanford.edu/entries/neuroethics/

8 Regulatory science is the application of the scientific method to improve the development,
review, and oversight of new drugs, biologics, and devices that require regulatory approval prior to
dissemination.

° Dr. Christine Aicardi (Senior Research Fellow, Human Brain Project Foresight Lab, Department
of Global Health & Social Medicine, King’s College London, UK), OECD Washington
Workshop.

10 http://www.bbc.com/news/technology-37713629

1 https://www.weforum.org/agenda/2016/10/top-10-ethical-issues-in-artificial-intelligence/

12 https://shop.bsigroup.com/ProductDetail/?pid=000000000030320089

13 “Groups that have been identified by development stakeholders as ‘vulnerable’ include, but are
not limited to: people living in poverty; people living with HIV/ AIDS; refugees; ethnic minorities;
trafficked children and adults; commercial sex workers; and people with disabilities.” (WHO
(2010), Mental health and development: targeting people with mental health conditions as a
vulnerable)

14 Low-income economies defined as those with a gross national income (GNI) per capita of USD
1,045 or less in 2013; middle-income economies are those with a GNI per capita of more than
USD 1.045 but less than USD 12.746; high-income economies are those with a GNI per capita of
USD 12.746 or more. Lower-middle-income and upper-middle-income economies are separated at
a GNI per capita of USD 4.125. (WHO: Mental health atlas 2014; World Bank:
https://datahelpdesk.worldbank.org/knowledgebase/articles/906519)
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https://shop.bsigroup.com/ProductDetail/?pid=000000000030320089
https://datahelpdesk.worldbank.org/knowledgebase/articles/906519
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15 At the OECD Washington Workshop, this point was emphasised by Pedro Antonio Valdes-Sosa
(Vice Director for Research, Cuban Neurosciences Center (CNEURO), Cubanacan, Cuba) and
Sachin Chaturvedi (Director General Research and Information System for Developing Countries
(RIS).

6 This point was emphasised by Gillian Christie (Health Innovation Analyst, The Vitality
Institute, New York, USA).

7 http://labman.org/

18 Dr. Christine Aicardi (Senior Research Fellow, Human Brain Project Foresight Lab, Department
of Global Health & Social Medicine, King’s College London, UK)

19 http://www.lawneuro.org/

20 http://clbb.mgh.harvard.edu/about-us/

2L A point made by Professor Francis Shen (Associate Professor of Law, University of Chicago,
USA) in the OECD Washington Workshop.

22 EC, FET Advisory Group, “The need to integrate the Social Sciences and Humanities with
Science and Engineering in Horizon 2020 and beyond”
(file:///C:/Users/Garden_h/Downloads/TheneedtointegratetheSocialSciencesandHumanitieswithSci
enceandEngineeringinHorizon2020andbeyond For_Printingpdf.pdf)

23 https://www.gpo.gov/fdsys/pkg/PLAW-108publ153/html/PLAW-108publ153.htm

o http://www.nisenet.org/catalog/public-engagement-science-guide-creating-conversations-
among-publics-and-scientists-mutual

25 hitp://nanofutures.eu/about

26 hitps://www.nano.gov/

27 https://Inu.se/en/research/searchresearch/human-brain-project/

28 http://www.thesgc.org/

29 Dr. Christine Aicardi (Senior Research Fellow, Human Brain Project Foresight Lab, Department
of Global Health & Social Medicine, King’s College London, UK), OECD Washington Workshop

30 https://www.innovationpolicyplatform.org/content/public-engagement-sti-policy

81 http://actioncatalogue.eu/

32 http://lamp.tugraz.at/~karl/verlagspdf/Roadmap BNCI Horizon 2020.pdf

33 https://givingusa.org/

34 Dr. Miyoung Chun (Executive Vice President of Science Programs, The Kavli Foundation),
OECD Washington Workshop

35 http://www.oecd.org/newsroom/4th-global-forum-on-responsible-business-conduct-8-9-june-

2016.htm
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