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Abstract Responsible Research and Innovation (RRI)
is an important ethical, legal, and political theme for the
European Commission. Although variously defined, it
is generally understood as an interactive process that
engages social actors, researchers, and innovators who
must be mutually responsive and work towards the
ethical permissibility of the relevant research and its
products. The framework of RRI calls for contextually
addressing not just research and innovation impact but
also the background research process, specially the societal visions underlying it and the norms and priorities
that shape scientific agendas. This requires the integration of anticipatory, inclusive, and responsive dimensions, and the nurturing of a certain type of reflexivity
among a variety of stakeholders, from scientists to
funders. In this paper, we do not address potential limitations but focus on the potential contribution of philosophical reflection to RRI in the context of the Ethics
and Society subproject of the Human Brain Project
(HBP). We show how the type of conceptual analysis
provided by philosophically oriented approaches theoretically and ethically broadens research and innovation

within the HBP. We further suggest that overt inclusion
of philosophical reflection can promote the aims and
objectives of RRI.
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Responsible Research and Innovation (RRI) is an important ethical, legal, and political theme for the European Commission. Although variously defined, it is
generally understood as an interactive process that engages social actors, researchers, and innovators who
must be mutually responsive and work towards the
ethical permissibility of the relevant research and its
products [1]. RRI arose in response to the pace of
technological and scientific research and related applications. With the prospect of new discoveries came an
increasing awareness of the profound global and intergenerational impact of innovations, and of the limits of
any policy that focuses just on risk assessment and
regulation. [2, 3]1
Of course, the view that research needs to be responsible is hardly new; the importance of acknowledging
one’s responsibility (legal and moral) is and has long
been implicit within the description of many roles,
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This does not entail that there are no additional drivers for RRI. See
Rip, 2016.
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including the role of the scientist [4]. However, in general, there has been a tendency to understand responsibility in individualistic and atomistic terms. To illustrate,
within the research context, scientists have often been
considered responsible for advancing knowledge and
doing so in compliance with basic ethical and legal
norms, for example, but generally not considered ethically responsible for the social, political and cultural
impact of their findings or their potential extrascientific uses and misuses [5]. Policy makers, on the
other hand, are expected to be responsible for impact
assessment and devising regulations and guidelines [6].
The problematic nature of such a fragmented approach
to responsibility in research and emerging technologies
is highlighted by the discourse on RRI. Such discourse
places particular weight on a collective notion of responsibility: for RRI, responsibility and irresponsibility are
distributed throughout the research and innovation process and they directly involve researchers, innovators,
funders, policy makers, and other stakeholders [1, 2, 4].
Thus, the need for a forward looking and collective
notion of responsibility -that addresses people’s ambivalences and concerns regarding the products of scientific
advances- and for mechanisms that will promote it.
From a philosophical, and specifically ontologicallygrounded reasoning, the need for a richer notion of
responsibility was already suggested by Hans Jonas,
who argued that responsibility arises not only from practical reasons but more fundamentally from the ontological nature of life itself, more specifically from its being
an end in itself [7]. Jonas derives the ethical imperative to
act so that the resulting effects of one’s actions are
compatible with the continuation of an authentic human
life. Of course, the importance of a deeper and more
encompassing understanding of responsibility can also
be established without Jonas’ ontological commitments,
as illustrated by Martha Nussbaum’s human capabilities
approach suggesting that a collective notion of responsibility (to promote people’s living a truly human life, for
example) could be grounded on an Aristotelian-based
notion of human beings as moral agents and members of
a community of peers [8, 9].
At present, RRI policy narratives urge that science
and technology be aligned with societal needs and that
research be carried out for and with society [3]. This
suggests some awareness that scientific research is a
social enterprise and must be recognized as such not
only by its practitioners, but also by those who are
affected by it. A dualistic view of science and society

that fails to recognize that science has a social identity is
inadequate to assess the complexity of the issues emerging from their interaction. Scientific research, even if
very specialized and unique, is itself a social enterprise.
Among other things, this implies that: a- other social
stakeholders can and should improve their understanding of what scientists do; b- science (understood either
as a collective enterprise or as the activity of individual
scientists) should enhance inclusive and collaborative
relationships with the rest of society, and c- neither the
scientific methodology nor the scientific goals are neutral with respect to external societal influences, and they
necessarily affect other social contexts.
Within this framework, the RRI discourse has an
important aspirational dimension: research and innovation should be socially beneficial. Accordingly, it proposes that rather than addressing the legal, ethical, and
social dimensions of research and innovation by focusing primarily on outcomes, a careful assessment of the
diverse potential emergent issues should inform the
trajectory of the scientific work and feed into the research agenda itself. In practice, this requires both engagement with a number of societal actors and multidisciplinary interactions particularly with the social sciences and the humanities. Because the idea is to open
up a space for inquiry that acknowledges the inherently
social and political aspects of research, a sharp division
of labour between the scientific and the socio-culturalethical tasks is undesirable [10].
It is true that scientific work is importantly mediated
by a community of peers that either confirm or challenge
the relevant findings. However, this reflective system of
Bchecks and balances^ typically does not entail scientific self-reflection on goals and values. RRI suggests that
critical and reflective approaches to science and technology should not be seen as contingently provided by
external disciplines or as work to be done by an external
discipline: they are essential to the scientific enterprise
itself. Science and technology in themselves are socially,
ethically, and legally relevant: if those who work in
these fields are not aware of this intrinsic connection
their activities will be correspondingly limited. A reflection about the complex nature of science and technology, as well as about their extra-scientific impact, should
be part of a conceptually mature scientific enterprise.
Despite its promise, the concept of RRI is not without
theoretical and practical challenges: its definition is
open ended, some of its features have been considered
rather conceptually obscure, and its implementation,
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even when possible, is often complex [6, 10, 11]. Still,
the group of ideas underlying RRI – including the call
for diversity and the integration of a number of actors –
are being proposed as an adequate theoretical and practical foundation for governance of all scientific and
technological research carried out in Europe (https://ec.
europa.eu/programmes/horizon2020/en/h2020section/responsible-research-innovation).
In this paper, we do not address potential limitations
but focus on the potential contribution of philosophical
reflection to RRI in the context of the Ethics and Society
subproject of the Human Brain Project (HBP). We show
how the type of conceptual analysis provided by philosophically oriented approaches such as, for example,
fundamental neuroethics, theoretically and ethically
broadens research and innovation within the HBP
[12–15]. We further suggest that overt inclusion of
philosophical reflection can promote the aims and objectives of RRI.

RRI, BReflexivity,^ and BPhilosophical Reflection^
Despite the lack of clear definitions of the main features
of RRI, there is some agreement that it entails a commitment to a number of activities [1, 3, 4, 16]. It starts
with the activity of anticipation – concerned with the
identification of potential ethical and social concerns at
an early stage –; it further requires methodological reflexivity – on the motivation and direction of science,
societal goals and values, and desired impacts – [1, 2, 4],
as well as the inclusion of a broad set of stakeholders –
in order to promote a debate with all those affected by
the research and to empower social agency – [2, 16, 17],
and responsiveness, − specifically, the capacity to respond and change course on the basis of the relevant
stakeholders’ and society’s values, and in view of the
appropriate circumstances [2, 4].
The issue of how to understand the notions of anticipation, engagement, and inclusion has received significant attention in the context of RRI [1, 3, 4] . Less has
been said about what the notion of reflexivity entails in
this context. [1, 3, 16] Considering the different meanings
of ‘reflexivity’, and its potential for becoming redundant
(after all, isn’t reflexivity part and parcel of any academic
activity?) it is important to understand how the notion can
be conceived within the RRI framework.
Jack Stilgoe and colleagues focus on the term
Breflexivity^ as related to institutional practice, and

explain it as a specific kind of deliberate and selfcritical attitude towards one’s own activities, commitments, and assumptions while recognizing the limits of
knowledge and the variability in the framing of issues [2]
. They are interested in its capacity to enable selfawareness beyond the lab, on how research is formulated
and how it responds to social challenges. Bernd Stahl,
Ethics director in the Human Brain Project, points to the
need for internal reflexivity in order to Bexplore the
assumptions and consequences of research^ [16] as do
Christine Aicardi and colleagues (also from the HBP)
when highlighting the need for scientists and other stakeholders to be reflexive about the commitments that drive
them and that shape the outcomes of their research [18] .
To the extent that RRI calls for a socially embedded
understanding of the motivations and scientific agendas,
awareness of own assumptions and biases, and identification and recognition of existing uncertainties, such
methodological reflexivity needs the kind of reflection
provided by social science scholars who can bring to
light the diverse aspects of social life, politics, and
culture included in the scientific space. This is not to
suggest that there is no reflection in the scientific domain but rather to recognize that considering that science curricula typically do not include the kind of training that would help science students to discover hidden
social values and assumptions that shape both the scientific questions asked and the interpretation of the
evidence, neuroscientists on their own might be unprepared to uncover and assess them [12, 19]. To the extent
that this is the case, if the goal is a more ethically aware
and sustainable scientific research and innovation that
does not neglect social and political aspects, the active
involvement of social scientists in the scientific research
process and in research agenda setting plays a key role.
However, there is an additional dimension of reflexivity that should be highlighted, the one provided by
philosophical reflection that may contribute to RRI a
much-needed analysis of basic scientific and ethical
concepts and their possible interpretations. In what follows, we elaborate on this point by focusing on the work
of the Neuroethics and Philosophy group and its contribution to the HBP.

RRI and Reflexivity in the Human Brain Project
The HBP (a European Community Flagship Project of
Information and Computing Technologies) proposes
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that to achieve a fuller and more integrated understanding of the brain it is necessary to identify, integrate, and
take advantage of the massive volumes of both already
available data and new data coming from labs around
the world. The project involves the development of new
supercomputing technologies to federate and manage
the data, to integrate it in computer models and simulations of the brain, to identify patterns and organizational
principles that only appear when the data is gathered,
and to identify gaps to be filled by new experiments [20,
21]. Expected outcomes of the research include the
creation and operation of an ICT infrastructure for neuroscience and brain related research in medicine and
computing which will help us achieve a multilevel understanding of the brain (from genes to cognition); of its
diseases and the effects of drugs (allowing early diagnoses and personalised treatments) and to capture the
brain’s computational capabilities [22].
The HBP is funded by the European Commission in
the framework of the EU’s Horizon 2020 researchfunding programme, which actively promotes RRI actions (public engagement, reflection, anticipation)
aimed at the ethical and social acceptability of the research process and its products [23]. Indeed, one of the
HBP Subprojects, Ethics and Society, has been developed to broaden and enhance RRI into all HBP research.
This subproject is structured around a number of activities such as initially presented by Stilgoe and Richard
Owen [2, 4]: foresight analysis uses scenarios construction to identify at an early stage the ethical and social
concerns raised both by potential HBP research developments and their implications. It also produces reports
to be used as background information by HBP directors,
researchers, and other stakeholders [18]. Citizens’ engagement promotes involvement with different points of
view and strengthens public dialogue with public and
private stakeholders via organization of workshops,
webinars, and a number of other outreach activities;
and ethics management develops principles and mechanisms for their implementation, creates Standard Operating Procedure (SOPs) and ensures that the ethical
issues raised by the different research subprojects are
transparently communicated and managed and that HBP
researchers comply with the relevant ethical codes and
legal norms [17, 24].
It seems evident that deliberative and introspective
processes should play an important role in this integration of social, scientific, and ethical inquiry. It is worth
noting, though, that in addition to the sociological and

ethical reflection required by the activities described, the
HBP Ethics and Society subproject includes an additional dimension often lacking in other research projects: philosophical reflection. This is a type of reflection that aims to offer more than assistance to neuroscientists and social scientists in identifying the social,
political, and cultural components of the research [14,
24]. In the HBP, philosophical reflection is intended to
open a different and productive space for examining the
relevant issues, carrying out self-critical analysis, and
contributing to the understanding of HBP research itself.
At the root of philosophical analysis is the idea that
engaging at a purely conceptual level and examining
and clarifying the core concepts and language used by
neuroscience and its resulting knowledge enhances both
self-critical analysis and the evaluation of ethical concerns. This does not mean that philosophy is completely
autonomous or self-referential in this conceptual task.
Other disciplines, like theoretical physics, history or
developmental biology, importantly contribute to such
endeavour. But the fact that they do should not obscure
the role that philosophy plays in adding to our understanding of neuroscience, its conceptual assumptions,
epistemic virtues and limitations.
Unfortunately, in the context of neuroscience and the
discussion of its implications, philosophical reflection
on the issues raised by science and technology has often
been reduced to the identification of the potential practical implications of the products of science and the
application of ethical theory to manage them. In other
terms, philosophy has been reduced to a poorly understood ethics, and ethics reduced to an after the fact
examination and management of scientific conduct
(and misconduct) and of the effects of neuroscience’s
products on the basis of more or less objective principles. It is not surprising, then, that in a number of
domains there has been a tendency to identify a philosophical approach to science with a misguided type of
applied ethics understood as a merely procedural approach. Indeed, at times, it seems as if philosophy’s
contribution to neuroethics – an interdisciplinary field
that addresses the ethical, legal, and social questions
raised by brain research – is limited to mechanically
providing a repertoire of ethical approaches to be used
to address practical concerns. The problem, however, is
that conceptualized in this way philosophy becomes a
mere tool often limited to manage risks and thus insufficient for unpacking some important concerns that people have regarding brain research- i.e. data protection,
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privacy, dual use-, and for furthering conceptual transparency [25, 26].
An applied ethical approach (what could be called a
Bneuro-bioethics^) can be reflexive: a philosophically
reflexive neurobioethics plays an important role in the
discussion of a number of normative issues raised by
brain research. We would like to advance, however, that
within brain research the role of philosophical analysis
is not exhausted by its contribution to addressing normative issues. Although they are significant, normative
issues do not fully capture what is at stake in the scientific enterprise [12, 13, 15]. There are other, non normative concerns that need to be addressed, notably, the role
of neuroscientific research in addressing fundamental
philosophical questions. If interpreting scientific data
in social and historical context is important in order to
gain understanding, so is a careful conceptual analysis
of key scientific notions such as, for example, matter.
Such analysis facilitates a more integrated picture of,
and a legitimate connection between neuroscientific
findings and philosophical notions and questions. In
short, understanding the neuroscientific enterprise and
the issues it raises requires also theoretical philosophical
reflection. Such reflection aims to do two things: bring
to the forefront dimensions typically unacknowledged
thus stifling the tendency to interpret neuroscientific
results in a simplistic fashion, and, in the process, offer
different and possibly complementary approaches to the
issues investigated by empirical science.
Some call this type of philosophical approach to
neuroscientific research Bfundamental neuroethics^
[12, 13, 15]. Beyond the name, the important point is
that this neuroethical approach uses conceptual analysis
of some foundational notions (concepts and methods) of
neuroscience to provide the necessary background in
examining the potential impact of neuroscience on
topics such as the mind/brain relationship, criteria for
consciousness, the question of what sets beings human
beings apart, personal responsibility, and freedom
among others (cf. [12]). The proposed philosophical
reflection does not exclusively focus on ethical applications and on the moral permissibility of the implementation of neuroscientific findings. Nor is it primarily
concerned with the social embeddedness of the scientific enterprise. Rather, it takes as a starting point the view
that in addition to its social and ethical dimensions, brain
research has important ontological and epistemic dimensions that need to be addressed in themselves (and, of
course in order to adequately identify and manage

ethical issues as well). In short, the full range of issues
raised by neuroscience cannot be adequately dealt with
without also focusing on epistemic and ontological aspects that play a major role in the quality of the research
process (for example, in framing scientific questions)
and the legitimacy of the various interpretations of relevant scientific findings. The ethical, ontological, and
epistemological aspects are not independent from each
other but rather interwoven; effective reflection needs to
address them all.

Philosophical Reflection and RRI in Practice
Our point so far has been that philosophical reflection
can play a key work in the background of science,
foresight, engagement, and ethics management (all key
dimensions of RRI). Next, we illustrate this role by
focusing on three concrete examples relevant to HBP
research: neuroscientific research and its impact on human identity, neuroscientific studies on the unconscious,
and neuroscientific studies of poverty.
Human Identity
It is often suggested that by providing knowledge of the
structures and functions of the brain, not only will
neuroscience enable a richer understanding of the brain
and its diseases, but it will further our understanding of
what sort of beings we are [27–30]. Indeed, unveiling
some of the components that make us human is an
explicit goal of the HBP (project that is particularly
interested in addressing foundational issues) and an
implicit interest in other international brain initiatives.
It must be noted that the issue of whether there are
species typical properties and what they are is not just
of theoretical interest but of practical interest as well.
The same progress in brain research that might allow
considerable insights into what human beings are can
also afford means to manipulate and access the brain.
Some fear that such manipulation and access could
make a significant impact on what humans are, and quite
likely alter how people understand themselves as human
[31–33]. Thus, to explore what is that Bsomething^ that
makes humans different from other beings -what we can
loosely call Bhuman identity^- and to identify the underlying assumptions when discussing such identity
should be a substantial concern to anyone making
claims about the extent to which neuroscience might
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unveil what we are, or how neurotechnology will alter
us.
But the notion of human identity generates deep
questions: what does it specify? And does giving a key
role to brain research in uncovering fundamental components of what human beings are betray a problematic
neuroessentialism or braincentrism, (i.e. the view that
the brain plays a unique role in human identity and that
any meaningful approach to what we are must entail a
focus on this organ) [34, 35]? It is clear that a productive
approach to examining these topics requires a careful
philosophical conceptual examination of both epistemological and ontological issues [15]. Epistemologically,
core questions are: what can neuroscience tell us about
human identity and why? What are the limits of neuroscientific knowledge when it comes to understanding
human beings? And how can we bridge the gap between
the knowledge provided by neuroscience and the
knowledge provided by the social and natural sciences
that have done work on the same notion? From an
ontological perspective, the core issues appear to be
whether there is a human identity, whether such identity
is to be grounded on essential or non essential traits, or
whether, instead, it is to be found in a particular kind of
process. [36–40] The issue becomes more complex
when we consider that for a number of historical and
religious reasons, the possession of a human identity
(often discussed in philosophy in terms of Bhuman
nature^) has often been taken to mean moral superiority.
And yet, the issue of whether such human traits exist
or whether the idea itself of a human identity (often
discussed in philosophy in terms of Bhuman nature^)
makes sense is still debated .
Conceptual analysis of recent empirical work on the
brain gives support to the view that holds human identity to be based upon a particular process: the lengthy,
constant, and complex interplay between human cerebral architecture and its diverse environments [22,
41–45]. Indeed, in recent years, neuroscientific discourse on the brain has developed a more nuanced
understanding of this organ and its relational aspects,
including its relationship with the body, its many environments, and the social contexts in which it is embedded. The view of the brain as a mechanistic input-output
processing device has been consistently questioned and
generally abandoned [29, 41, 42]. In particular, an alternative model that sees the brain as an «autonomously
active, plastic, projective» and highly selective organ
heavily affected by learning and experience has greater

explanatory potential [27, 42, 43, 46, 47]. The epigenetic model of neuronal development proposes that even if
constrained by a genetic envelope, the human brain is
able to adapt its neuronal connectivity by stabilizing or
eliminating particular synapses in accordance with
short- and long-term changes in its internal and external
environment [41, 42]. The theory of neuronal epigenesis
by selective stabilization has been used not just to explain the development of the brain, but also the acquisition of written and oral language, and the acceptance of
and compliance with social and ethical rules [48, 49]. If
correct, it provides grounds for endorsing a process
oriented view of what humans are. Rather than looking
for intrinsic universal human traits or presumptively
confirming the importance of one or a group of specific
behavioral or anatomical markers, it suggests that in our
quest for humanity, we could focus on the constant
interplay that allows for the coalescence of learning,
experience, and genes and examine how dynamic interactions, and social environments impact synaptic connectivity and contribute to the formation of a variety of
patterns of neural activity.
The general point is, however, that real progress in
understanding what being human is and in discussing
whether certain neurotechnologies will threaten humanity will only be made after rigorous conceptual analysis
of the relevant philosophical and scientific notions is
integrated into a comprehensive approach. In practice,
expressions of fear regarding the potentially
dehumanizing aspect of brain machine interfaces, robotics, or even DBS procedures can, at least partially, be
explained by the prevalence of different, often muddled
conceptions of human identity. Searching for conceptual
clarity on what makes us human is then not just a
valuable endeavour in itself but a way to responsible
address and potentially manage serious concerns regarding the neuroscientific agenda itself and the implications
of the products of research.
Studies on Consciousness
The investigation of consciousness in the last few years
increasingly reveals the inadequacy of a limited approach to the phenomenon. Accordingly, both empirical
and conceptual efforts are devoted to consciousness
research within the HBP.
Several scientific and conceptual models of consciousness have been suggested, and agreement is far
from being reached [50–55]. Even if the debate about
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their empirical and conceptual interpretation is still
open, more agreement has been found regarding the role
of so-called Bneural correlates of consciousness^
(NCC), i.e. a set of neuronal structures and functions
correlating with conscious phenomena (such as wakefulness and arousal). Since their formal introduction in
the scientific debate at the beginning of 1990s [56], the
neural correlates of consciousness have been widely
scrutinized from both conceptual and empirical points
of view [57, 58]. Conceptually, David Chalmers defines
NCC as minimal neuronal activations necessary for
consciousness. [59]. Such a general definition has been
widely accepted in both philosophical and empirical
contexts, even though the need for a more accurate
definition of NCC has recently been suggested [60].
More specifically, NCC can be described in two basic
ways: either as referring to a general, global state of
consciousness, i.e. as neural correlates that mark the
difference between being and not being conscious, or
as referring to particular contents of consciousness, i.e.
as neural correlates that are sufficient for a specific
object to enter consciousness [59, 61].
The empirical differentiation between understanding
NCC as referring to a state and understanding NCC as
referring to the content of consciousness is reflected in
the clinical distinction between wakefulness and
awareness, i.e. between the state of vigilance and
the content of conscious processing [62]. This differentiation is also relevant to the description of the
complexity of consciousness, which is not reducible
to the processing of information coming from outside, but is also a sort of background state which
allows processing that information [63].
Research on NCC provides important clues about the
cerebral structures and functions involved in conscious
phenomena. Yet, notwithstanding some progress in recent
empirical investigations and conceptual clarifications of
consciousness, we still lack an overarching theory providing a unitary picture of consciousness and related disorders. Michele Farisco and colleagues have recently formulated a new conceptual model [64], the Intrinsic Consciousness Theory (ICT), that starts from the predisposition of the brain to evaluate and to model the world [41,
47], i.e. from the brain’s ability to check the usefulness of
the world to the satisfaction of its intrinsic needs and to
develop a kind of map of the world in order to survive and
thrive. Recent empirical investigation of the brain’s intrinsic activity (i.e., independent from external stimulation)
and resting state activity (i.e., increasing in absence of

external stimulation) contribute in describing this organ as
much more than an input-ouput machine but rather as
spontaneously active [65, 66].
According to ICT, these intrinsic activities of the
brain are identical with consciousness, even if at a very
basic level (i.e., a level of consciousness the subject is
not aware of). The distinction between consciousness
and the unconscious is not discrete or binary: the ability
of the brain to evaluate and model the world can occur in
two modalities, implicit or explicit, unaware or aware,
that correspond to what we usually refer to as the unconscious and consciousness, and both are multilevel
configurations of the brain along a continuous and dynamic line. This means that consciousness can be
depicted as an overarching brain characteristic, which
the brain retains insofar as it is intrinsically active. Thus,
starting from an empirical understanding of the brain as
intrinsically active and plastic, ICT distinguishes between higher cognitive functions and basic phenomenal
consciousness, suggesting that the latter might characterize the brain’s intrinsic activity as such, even if at a
very basic level. The necessary and sufficient conditions
for consciousness are that the brain have appropriate
instrinsic and resting state activities.
This new conceptual model of consciousness is conceptually parsimonious and practically relevant, specifically with reference to the assessment and care of patients
suffering from disorders of consciousness. It opens the
possibility that what is usually described as the unconscious, which according to ICT is an unaware modality of
consciousness possibly characterized by a very basic
level of phenomenality, with specific abilities and needs,
might be ethically relevant as well [67]. Morevoer, at the
ethical level ICT outlines the high level of elaboration and
sophistication that the unaware brain exhibits, claiming
for an appropriate treatment in clinical context.
Finally, the intrinsic consciousness theory is quite
relevant to the RRI goals of promoting a more ethical
process and practice. If we accept the wider model of
consciousness suggested by this theory we can see that
allocation of resources and research priorities in the
clinical context of disorders of consciousness is often
unjustifiably limited to cases in which it is possible to
show that there is residual awareness, while unaware
abilities potentially retained by affected patients are
underestimated if not ignored. But this is not inevitable:
a reconceptualization of consciousness that zooms in on
the brain’s retained intrinsic activity rather than on its
retained reactivity to external stimulation can start a
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richer discussion with clear practical implications. In
this way, ICT would make a positive contribution to
RRI in allowing a more comprehensive ethical assessment of challenging cases like disorders of
consciousness.
Neuroscientific Studies of Poverty
We focused above on two areas in which neuroscientific
research may have an impact either by potentially altering our self-understanding qua humans or by enhancing
our understanding of consciousness, which in turn could
have significant implications on the care of patients with
disorders of consciousness. Neuroscientific research
may do more: it can also inspire systemic social change.
The potential for this becomes evident when we focus
on contemporary neuroscientific studies on the influences of poverty on cognitive, emotional, and stress
regulation systems that propose to analyse how the
different individual and contextual factors associated
with material, emotional, and symbolic deprivation
(i.e., lack of food, shelter, education, and health-care)
influence neural development [68]. These studies have
important ethical and public policy implications: they
should play an important role in the discussion of a
number of issues such as what are the structural conditions needed for the full exercise of human rights, the
overt and covert ways in which citizens’ rights can be
violated, what respect for human dignity entails, the
potential ways of depriving people from their identity
as full citizens and of restoring such identity, and the
determination of collective social responsibilities [68,
69]. The specific evidence that neuroscience brings to
the analyses of poverty and its implications is then not
only of great interest in itself but also relevant to policymaking. However, this evidence needs to be spelled out
in detail and clarified conceptually, notably in terms of
causes of and attitudes toward poverty, implications of
poverty for brain development, and the possibilities to
reduce and reverse these effects.
It is important to be cautious when interpreting the
results of neuroscientific studies that consider contextual
and cultural aspects to avoid misconceptions and stigmatization: there is notably a sizable difference between
considering that neural and behavioural differences due
to poverty are a deficit and considering them an adaptation. From an ethical perspective, the issue then becomes whether the consequences of poverty are related
to circumstances in which no basic rights are satisfied

(e.g., inadequate nutrition, housing, or access to education and health services). This is an important point
considering that social attitudes to poverty differ: some
consider it a result of social irresponsibility, whereas
others take a more individualistic approach and explain
it as a personal failure of the person afflicted. In other
words, poverty is not universally regarded as a consequence of social imbalances and unequal access to social benefits. The latter, individualistic views are common in North America and South America, where the
problem of poverty is much more significant than in
Western and Northern Europe, where social views on
poverty are dominant. It is worth noting that countries
and political systems that accept the rights of access to
adequate nourishment, housing, education, and health
care as a shared social responsibility are also among those
who have been most successful in combatting poverty,
social violence, and insecurity, e.g., the Scandinavian
countries (cf. World Bank Global Poverty Overview
http://www.worldbank.org/en/topic/measuringpoverty#3).
The relevance of neuroscientific evidence to policymaking and legislation can be illustrated by focusing on
adolescent delinquency that arises more frequently in contexts of poverty. As pointed out elsewhere [49], this is
frequently repressed through police and judiciary means,
often resulting in incarceration. However, this approach to
juvenile violence simply omits compelling findings that
show that adolescence is a time of Bneurodevelopmental
crisis.^ Evidence from anatomical and functional-imaging
studies has highlighted major modifications of cortical
circuits during adolescence including reductions of
gyrification and grey matter, increases in the myelination
of cortico-cortical connections, and changes in the architecture of large-scale cortical networks—including
precentral, temporal, and frontal areas [70]. Uhlhaas and
colleagues [71] have used Magneto Encephalography synchrony as an indicator of conscious access and cognitive
performance [72]. Until early adolescence, developmental
improvements in cognitive performance are accompanied
by increases in neural MEG synchrony. This developmental phase is followed by an unexpected decrease in neural
synchrony that occurs during late adolescence and is associated with reduced performance. This period of destabilization is followed by a reorganization of synchronization
patterns that is accompanied by pronounced increases in
gamma-band power and in theta and beta phase synchrony
[71]. These remarkable changes in neural connectivity and
performance in the adolescent are now being explored:
awareness of their occurrence should lead to special
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proactive care from society. The nature of this care may
include a social educative environment adapted to adolescents’ special needs, adequate physical exercise, or new
kinds of therapies yet to be developed. The point is that a
careful discussion of these issues is a moral priority, particularly considering that depending on the circumnstances
in some countries young people can be transferred to the
adult system (e.g., Canada, United States, England, Wales)
and in others there is a strong political will for them to be
treated as adults (Brazil, Argentina). In view of the available evidence from neuroscience, social policies that treat
and punish minors as adults may arguably be not merely
ineffective, but also a clear breach of human rights. In this
sense, neuroscientists can play an extremely useful role,
providing and reinforcing the kind of evidence needed to
understand minor delinquency and how to manage it in a
way that promotes the wellbeing and respects the rights of
all. In doing so, they could raise awareness of a point made
before: scientific work is intrinsically socially and politically relevant.
The example above illustrates the need for careful
unpacking and conceptual clarification of the specific evidence that neuroscience brings to analyses of poverty and
of careful ethical analysis of its implications. There are
additional related issues already suggested by Sebastian
Lipina and Kathinka Evers [73]. One of them has to do
with the causes and attitudes to poverty. For example, what
does neuroscience concretely contribute to the debates
over individualistic versus systemic or social explanations
of poverty? On the other hand, what does considering the
neural and behavioural differences due to poverty as a
deficit rather than as an adaptation imply? A second one
is related to the Impacts of poverty on brain development.
The interpretation of evidence and the identification of
ethical and social issues that arise might provide the means
for reducing poverty’s negative impacts. We have also
questions of reversibility. Which impacts of poverty can
be reversed, and how? What does the concept of
Breversibility^ entail? The evidence available in this area
raises specific ethical challenges that should also be considered in the interpretation of results and the planning of
future research. Finally, there is also the important question
of how to communicate scientific findings in a responsible
manner so as to avoid misconceptions, hypes, misuses, or
the problem of stigmatization. Scientific findings can always be misused, but the risk is greater in an area permeated with values and norms, such as that of poverty. It is
not self-evident that the science of poverty will be used for
poverty-alleviation: it can also be used to increase

alienation from Bthe poor^, and deepen the stigmatization
of a group that is already disrespected in societies that have
created such circumstances.

Conclusion
The framework of RRI calls for contextually addressing
not just such impact -social benefits and drawbacks- but
also the background research process, specially the societal visions underlying it and the norms and priorities
that shape scientific agendas. This requires the integration of anticipatory, inclusive, and responsive dimensions, and the nurturing of a certain type of reflexivity
among a variety of stakeholders, from scientists to
funders. Such integration will hopefully result in a science and the innovation that comes from it that are more
attuned to societal considerations and needs.
In this paper, illustrating with work on human identity,
consciousness, and poverty and the brain, we propose that
enhanced reflexivity within RRI benefits not only from
interrogating entrenched political and cultural commitments, social contexts, and scientific motivations but also
from conceptually analyzing the meanings of scientific
terms and of the language used to define science and its
products that frequently reinforces problematic assumptions about science iself and its role. Our claims are not
intended then as a criticism of how RRI is typically put into
practice. Rather, they should be seen as an opportunity:
including philosophical analysis so as to generate a better
and more sustainable research not only from the ethical but
also the ontological and epistemological perspectives.
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