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a b s t r a c t

Insight into public perceptions provides opportunities to take public desires and concerns into account in
an early phase of innovation development in order to maximise the potential benefits for users of the
future. Public perceptions of neuroimaging in health care are presented in this article, based on research
undertaken in the Netherlands. In six focus groups, 46 citizens articulated benefits, disadvantages and
specific concerns regarding future medical neuroimaging applications. Six technological frames of
neuroimaging and three frames of the socio-technical system surrounding neuroimaging were found to
underlie the arguments used to articulate the degree of desirability of future applications. Depending on
the context, individuals use different frames and related lines of arguments. New and improved options
for the prevention, diagnosis and treatment of brain disorders are considered conditionally desirable by
almost all citizens consulted. The desirability of neuroimaging applications becomes controversial when
specific applications embody conflicting values and desires. Depending on the weight given to these
different values and desires, the application is perceived as desirable or undesirable. It appears that
concerns regarding the endorsed values of certainty and naturalness are preferred to desired states as
control over life and risk avoidance. As a consequence, enhancement options and options to determine a
predisposition and to diagnose mental disorders might be considered controversial. The identified
different perspectives and concerns are a suitable starting point for processes aiming at the identification
of more responsible future directions and related applications of medical neuroimaging.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

Innovations in neuroimaging technologies, such as functional
magnetic resonance imaging (fMRI), magneto-encephalography
(MEG) and positron emission tomography (PET), make it possible
to visualise and study non-invasively the function, connectivity and
biochemistry of the brain. Neuroimaging developers expect that
future advances in these technologies will make it possible to
obtain more insights into the brain and its disorders, resulting in
new and improved preventive, diagnosis and treatment options
[e.g. [1e3]]. They demonstrate a focus on preventive options for
which therapeutic options are available. But is this focus also
desirable from a public perspective?

To establish an appropriate societal embedding of innovations, it
is suggested that societal actors and innovators should engage in an

interactive process by which they ‘become mutually responsive to
each other with a view to the (ethical) acceptability, sustainability
and societal desirability of the innovation process and its market-
able products’ [4 p.47]. Hereto, participatory methods are increas-
ingly applied to ensure that more aspects and more actors,
including citizens, are actively engaged in the innovation process
[e.g. [5e7]]. Applying these approaches, especially in early phases
of technological development, is claimed to improve the translation
to applications in which positive impacts are maximised and
negative impacts are minimised, and the societal embedding is
facilitated [8,4,9].

The research described here is part of a project that aims to
direct medical neuroimaging developments in the Netherlands in
an early phase towards more shared desirable applications and to
anticipate negative impacts. In this article, we explore how neu-
roimaging applications in health care are perceived by the Dutch
public in a heterogeneous cross-section. In our research, citizens
are a potential group of future users. They might use or are affected
by neuroimaging in the future, but are no part of the health system
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yet. In contrast to other future users (e.g. health professionals,
policy-makers), the perceptions of citizens are not resulting from a
professional perspective, but rather from a personal perspective.
Their knowledge can be considered as ‘contributory expertise’ [10],
and their desires and concerns should also be taken into account in
an early phase of innovation research and development in order to
maximise the potential benefits of innovations for users of the
future. Insight into public perceptions that already exist and which
are likely to appear in the public arena in the near future provides
insights into aspirations and potential obstacles that might offer
opportunities or cause problems in the embedding of future ap-
plications at an early stage. These understandings are in our
opinion the starting points for joint reflection and mutual learning
of relevant actors, e.g. decision-makers, health-care professionals
and neuroimaging developers, in order to direct medical neuro-
imaging developments towards more responsible applications, i.e.
applications that are considered desirable by all relevant actors.

1.1. Public perceptions

In this early phase of neuroimaging development, concrete ap-
plications on which to reflect are not available and actors might be
not fully aware of or familiar with neuroimaging. In later phases
this situation is reversed, applications and implications are
apparent but options to steer the innovation are limited (cf. Col-
lingridge Dilemma of control). As Pickersgill and others [11] point
out, the brain is often regarded as an object of mundane signifi-
cance and taken for granted until it becomes present as a conse-
quence of its dysfunction. Participants in their research, including
potential future users, accounted their emergent interest of neu-
rosciences as a result of some neurological event (that is, personal
experience or familiarity with disorders of the brain). This could
imply that citizens not involved with neuroimaging from a pro-
fessional or personal capacity are not fully aware of or familiar with
neuroimaging. However, people often use heuristics in the first
stage of perspective formation [12]. Perspectives are shaped by an
individual's underlying value orientations, worldviews, knowledge,
experiences, and interests [13]. Perspectives (also known as frames
or schemas) are ‘thought organisers’ [14], used to perceive, judge
and respond. They represent a way of making sense of complex
reality and guide actions [15]. Heuristics are cognitive shortcuts
used to make rapid inferences, based on previously acquired in-
formation and experiences. They reduce complex problems or
questions to simpler problems and questions that can be answered,
rather than dealing with the more complex issues [16,17]. Hence,
although people might not be fully informed, heuristics make it
possible to shape perceptions about new and emerging science and
technologies.

On the other hand, the ability of neuroimaging to visualise
processes in the brain and to generate compelling images hereof in
mass media has raised public curiosity and expectations regarding
neuroimaging uses, at least in the UK [18]. In a survey among UK
citizens of Wardlaw and others [19] only 17% of the people indi-
cated to have “no awareness” of neuroimaging uses. In general, UK
citizens indicate to have faith in neuroimaging use for medical
purposes [19]. An analysis of the Dutch media coverage of neuro-
imaging research shows that the Dutch media is rather optimistic
concerning neuroimaging research, especially regarding potential
medical applications [20]. This however does not automatically
imply that medical neuroimaging applications are considered
beneficial regardless their purpose. According to Chilvers & Mac-
naghten [21, p.16] “public attitudes […] also depend on which
technology sector is being discussed as well as on a set of wider
contextual and attitudinal factors.” Moreover as Pickersgill and
others [11] show, neurosciences can be experienced as a threat for

those people who perceive neuroscientific concepts to compete
with pre-existing ideas about selfhood. In this study, we aim to gain
insights into the degree of desirability of potential future medical
neuroimaging applications according to Dutch citizens, by obtain-
ing an in-depth understanding of the arguments underlying their
perceptions.

2. Methodology

To explore medical neuroimaging from a public perspective we
used focus groups with citizens [22]. The aim of the focus groups
was to explore desirable and undesirable neuroimaging applica-
tions, and to obtain an in-depth understanding of the arguments
underlying the perceptions, involving participants who are not
involved in neuroimaging from a professional or personal capacity.

2.1. Focus group participants

In this study, 46 citizens participated in 6 focus groups,
geographically divided over The Netherlands. Two focus groups
were held in Amsterdam, two in Eindhoven, one in Den Bosch and
one in Amersfoort to prevent a regional bias in the results. To
develop a rich discussion, a wide variety of personal background
was sought among participants, see Table 1 which provides an
overview of the socio-demographic features of the participants.

To avoid self-selection bias of the participants, the participants
were invited from a diversity of public fora, including informal
contacts and sport clubs (two focus groups) and a recruitment
agency (four focus groups). To avoid anticipation on the topic, no
information about the topic of discussion was provided to partici-
pants in advance. The participants recruited by the recruitment
agency received a standard financial incentive of V35.00. Those
invited via informal contacts and sport clubs received a small diner
prior to the start of the focus group, a box of chocolates at the end,
and reimbursement of travel expenses.

The focus groups were led by a facilitator who guided the dis-
cussions and a monitor who observed the group process and took
notes.With permission of the participants and based on anonymity,
all focus groups were audio recorded after informed consent was
obtained. The focus groups lasted for approximately two hours, all
with a short break halfway through.

2.2. Pilot testing

The methodology was fine-tuned using two pilot focus groups.
This fine-tuning involved assessing the use of focus groups to in-
ventory public perspectives of an emerging, rather unfamiliar
technology and testing the design. The pilot groups showed that
participants were able to articulate desires and concerns regarding
future neuroimaging applications. Based on this testing, the focus
group design was optimised: exercises were amended to minimise
ambiguity and increase consistency between the data of the focus
groups. The results of the two pilot focus groups are not included in
the results described here.

2.3. Structure of the focus groups

The focus groups consisted of the following five steps:
Step 1 Getting acquainted with neuroimaging. In order to assess

the starting level of knowledge, the participants were asked if they
had ever heard of a technology named ‘neuroimaging’ and what
their first thoughts were on these technologies. Subsequently, all
focus groups started with a short presentation describing neuro-
imaging, providing participants with the same information and
thereby the same level of knowledge, see Box 1. In presenting the
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